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RUDOLPH MATAS 


The Editorial Board notes with proConnd sorrow the death on 
September 23, 1057, at the age of 97, of Dr. Rudolph Jlatas, a charter 
member and third president of The Ameriean Association for Tlioracic 
Surgery and a member, from its inception in 1932, of the Advisory 
Editorial Board of tlie .Touunai, or Tiioiucic Surgeby. Thus passes 
from the American and international scene a great figure in Surgery, 
respected, revered, and beloved bv all fortunate enough to have known 
him dui'ing his long and distinguished career. It can be said of Dr. 
Jlatas that in the depth of his medical and siu’gieal knowledge, in the 
facilitj’ with which ho presented that laiowledge to others, in scs'cral 
languages, if need be, and in the beautiful style of his spoken and 
written word, he was truly unique, uncqualed, and unexcelled. His loss 
ns a valued associate on the Editorial Board and as a .sympatlietic and 
loj'al friend is mourned by all his fellow members on the Board. 
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RECONSTRUCTION OP THE ESOPHAGUS WITH SEGMENTS OP 

THE COLON 

William E. Neville, M.D. (by invitation), and 
George H. A. CLO^VES, Jr., M.D. 

Cleveland, Ohio 

E sophageal replacement utilizing tlie colon to create an antethoraeie 
subcutaneous esophagus was first used by KeUing and Hacker in the early 
1900’s. Although, in a review of the literature from 1911 to 1934, Ochsner 
found only 20 cases of subcutaneous colon transplants,in the past few years 
there has been a revival of this method in Europe. Our unsatisfactory results 
in using the stomach to restore alimentary continuity, following resection for 
carcinoma, led us to investigate the technique of replacing the esophagus udth 
the colon. 

It is the purpose of this paper to present our clinical and experimental 
observations on the efficacy of using segments of the colon within the thorax to 
restore esophageal continuity following resection in both benign and malignant 
disease. While this over-all approach to reconstructing the esophagus is not 
new, certain recent advances of medicine appear to make this a reasonable ap¬ 
proach to this intriguing problem. 

EXPERIMENTAL PROCEDURE 

To evaluate the reconstruction of the esophagus by implanted colon, a 
cries of 6 normal dogs were operated upon. Through a thoracoabdominal in¬ 
cision, the esophagus was resected from the inferior pulmonary vein to the cardio- 
esophageal junction. The opening in the stomach was inverted. An appropriate 
segment of transverse colon was interpolated in isoperistaltic fashion between 
the esophagus above and a separate opening in the fundus of the stomach. A 
colocolostomj^ reconstituted the colon. Pyloromyotomy or pyloroplasty provided 
adequate drainage of the vagotomized stomach. These dogs were sacrificed at 
varjdng periods up to 9 months folloudng surgery. In a comparative series, 
5 dogs had a resection of the distal end of the esophagus and an esophagogas- 
trostomy perfoiTned. Bilateral vagotomy and pyloromyotomy or pyloroplasty 
were done. The diaphragm was sutured to the stomach so that a considerable 
portion of the latter lay well ■within the thorax. These dogs were then sacrificed 
after varying periods of time up to 3 months following surgery. 

EXPERiaiENTAL RESULTS 

The lower end of the esophagus, the transplanted colon, and the entire 
stomach were removed for post-mortem examination. In none of the animals 
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in this group was there evidence of esophagitis, colitis, or gastritis (Fig. 1). 
Post-mortem examination in tiio second group of animals showed complete ab¬ 
sence of the mucosa in the lower end of the esophagus above the esophagogastric 
junction. There were 3 instances of diffuse ulceration of tlic fundus which lay 
within the thoracic cavity. Tlie mucosa for the most part, extending up to 3 to 
4 inches above tlie cardioesopliagcal junction, was marlccdly flattened with evi¬ 
dence of esophagitis and ulceration (Pig. 2). 



Pig. 1. Fig. 2. 

Piff. 1.—Post-mortem examination of csophaR:t>s» Interposed colon, and stomach in a dog 
sacrificed at 9 months. There Is no evidence of csopliagitls, colitis, or gastritis. 

Fig. 2.—Post-mortem examination following an esophagogastrostomy. There was diffuse 
Inflammation in the stomach and ulceration of the esophageal mucosa. 


CLINICAL OPERATIVE TECHNIQUE 

The esophagus was reconstructed in one stage with the o.xception of one 
child in whom a delayed reconstniction was performed at the age of one year. 
Two separate operating teams have been employed. Satisfactory preoporative 
nutrition and chemical balance were obtained by oitber preliminary feedings 
through a small polyethylene tube passed into the stomach at the time of the 
esophagoseopy or a tube gastrostomy. The colon was prepared for 2 to 4 
days with neomycin (1 Gm., 4 times daily). Fleets phosphosoda ((^ oz., twice 
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and cleansing enemas. Although the technique varied depending upon 
the portion of the esophagus to be resected, the principles of using the colon 
for replacement remained the same in all instances. 

Benign and malignant lesions in tlie cervical region are oi^erated uiJon 
■with the patient in the supine position. If a thoracotomy is deemed necessary, 
the right side of the chest is elevated to a 45-degree angle. The esophagus is 
exposed in the neck through an incision along the anterior border of the right 
sternocleidomastoid muscle. The strai) muscles are divided transversely over 
the thyroid gland and the latter retracted medially. The esophagus is isolated 
just above the manubruim and dissected upward, care Iming taken to identify 
and preserve the recurrent laryngeal nerve. 

Concomitantly the abdomen is opened through an upper midline incision 
from the xiphoid process to well below the umbilicus. The lesser peritoneal 
cavity is entered midway along the greater curvature to the stomach and the 
gasti’ocolic omentum divided to the hepatic flexure. The lateral avascular peri¬ 
toneal attachments of the ascending colon and cecum are severed and the entire 
right colon reflected mediallJ^ The appendix is removed whenever the cecum 
is to be used for the esophageal anastomosis. The middle, right, and ilioeolic 
arteries are identified. The right colic artery is occluded close to its origin 
with a bulldog clamp. This allows observation of the adequacy of the middle 
colic aiiery to supply the cecum through the marginal arteries. The gastro¬ 
colic omentum is divided distally to the splenic flexure while the right colic 
vessel is occluded so that no operating time is wasted. If the circulation to the 
cecum appears to be adequate, the right colic and a branch of the ilioeolic 
arteries are ligated near their origins and the ileum transected at the ilioeolic 
junction. Following closure of the opening in the cecum, the right half of the 
colon is placed on the anterior chest Avail to detei'mine its adequacy for esophag¬ 
eal reconstruction. The mesenteiy on this side is divided doAvn to the origin 
of the middle colic vessels. A tAinnel is created in the anterior mediastinum 
just posterior to the periosteum of the sternum from the xiphoid process to the 
manubrium hy blunt dissection from beloAv and above (Fig. 3). The proximal 
end of the colon is passed into the neck through this tunnel using a long clamp 
inseihed from above and doAvn to the abdomen. To Aviden the thoracic inlet, 
the upper sternum has been split in four operations. HaAung determined that 
the cecum Avill adequately reach the neck Avithout compromising its blood supply, 
the colon segment is isolated by dividing the transverse colon. Its mesentery 
is separated doAvn to the middle colic vessels. Thus, the entire segment of the 
boAvel is suspended upon a Avascular pedicle comprised of only the middle colic 
artery and vein. The esophagus is transected aboA^e tlie lesion. The cervical 
esophageal colon anastomosis is peiToianed end-to-end ly the method of SAveet"^ 
Avith tAvo or three layers of interrupted fine silk (Fig. 4). If the distal esoiAhagus 
is not resected at this time, a catheter is inserted into this section and brought 
out through a stab Avound to create a mucus fistula. Simultaneously, an open¬ 
ing is made on the anterior Avail of the stomach and the distal end of the colon 
anastomosed to this organ. Either a pyloromyotomy or pyloroplasty may be 
performed. If a tube gastrostomy for preoperative feeding purpose has not 
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riff 3—Drawing of anterior modinstinat tunnel rrcatel b> blunt dissection from \IphoId 

the manubrium 



Fig 4 —Drawing depictjng completed anterior mediastinal colon, transplant 
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been done, this is placed to decompress the stomach in the early postoperative 
period. It may then be used for subsequent feedings until such time as the 
patient is able to eat normally. This maneuver obviates the necessity for an 
indwelling nasogastric tube. The continuitj’- of the lower gastrointestinal tract 
is establislied with an end-to-end ilioeolostomy. 

Intrathoracie esophageal lesions above the aortic arch are approached 
through a right thoracotomy and upper right paramedian incision. The patient 
is positioned on the operating room table at a 45-degree angle. This allows the 
thoracic team to perform an adequate resection of the esophagus and invert the 
lower end. Simultaneously, vith the patient in this position, the colon can be 
mobilized by the abdominal surgeon, it he will perform the operation while 
standing on the left side of the patient. Here the colon is delivered into the 
chest through an opening in the diaphragm antciior to the right lobe of the 
liver, and is placed in trout of the hilum of the lung. The remainder of the 
operating teehni(iuo is similar to that described previously (Fig. 5). 



Fjg. 5.—Dra-nmg of completed intrathoracie colon transplant for lesions above the aortic 

arch. 

Pig-. 6—Drawing of procedure for establishing upper gastrointestinal continuity following 
resection of Intrathoracie lesions below tlie aortic arch 


Intiathoracic esophageal lesions below the aortic arch are appioached 
through separate left abdominal and thoracic incisions. It has not been neces¬ 
sary to cut across the costal mai’giu. The diaphragm can be transected fiom 
the hiatus outward to allow ample room for resection of the distal esophagus, 
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and caidia ot the stonncli if notcssaiy In this situation it may not be iicces 
sai'y to ii!obili7c the cntiic light colon The tiansvcisc colon is usually of suf¬ 
ficient Icngtii to substitute foi the resected esophagus Following an adequate 
lesectioii of the lesion, the proximal poition of the bowel is passed into the left 
chest The isopci istattic csophagocolon anastomosis is performed in the niannci 
pieiiously desciibcd The bowel is lepl.ieed in the bed of tlie losectcd esoph 
agiis and the entiie aiea lepleuialwcd If the stomach is iioimal, the opening 
in the cardia is closed fi om abox c and the distal end of the colon is anastomosed 
to the stomach antciioilj IIowcin, if a icsection of a poition of the stomach 
IS ncccssaiy, the distal end of the colonic segment may be anastomosed end 
to end to the remaining poition of the stomach, a pyloioplasty and a tube 
gastrostomj aie poifoinicd A colocolostomy completes the operative pioec 
dine (Pig G) The avciage opciating time on all of the patients was 3^ 
hoviis Cultuic of the colon is done at the tunc of siiigery to perforin diug 
sensitivity studies, and the appiopiiate antibiotic is given postopcrativelj The 
gastiostomy tube is placed on continuous suction loi a period ot 3 oi 4 dajs 
This method of gastiic dccompicssion inaUes the use of an indwelling n isogastiic 
tube unneoessary The patient is given nothing bj mouth foi at least 10 dajs 
He IS fed through the gastioslomv tube beguiniiig on the sixth postopciativo 
day Oral fluids are allowed on the tenth postopciative clav The diet is giad 
iiallv increased until the individuil is eating in a noimal maiinei 

nrswTs ixn com iiciTioxs 

To date, the colon has been used to loconstuict the esophagus in 28 
patients As depicted in Table T, 23 had eaieinom i, and the lemaining "i be 
nign disease The 7 dciths in the immediate postopeiatue period weie in 
patients with eaiemoma .above the aortic aich Five additional patients have 
died 111 the iiitciim tiom a piogicssion of their disiast oi eoionaiv oecliision 
At the moment, IG patients aio living 


Table I Kesults of Esopiiaoeal Beplaoejient With Cor ox—Mortvlitv 


lESlON VND 

rocvTiov 

NUMBFR 

Pf vTir^ 1 

TIMNG 

supvn \I 

TIME 

VLHE (MONTHS) 

1 IMMEDIATE 
! POSTOPFRATUE 

LVTF 

AVERAGE 
SURVIV VL 

TIME 

(MONTHS) 

Lireinoma nbovo 




82 


nrch 

12 

7 

5 

(2 IS) 


Carcinoma below 






arch 

11 

0 

0 


11 3 3G 

Stricture (corrosive) 






total esophagus 

1 

0 

0 


1 O 

Stricture (corrosive, 






atresia and esoph 






agitis) below arch 

4 

0 

0 


4 4 21 


One patient died of geneialized peritonitis on the sixth postopeiative day 
due to dehiscence of his cologastrostomy Tins maj have been related to gasti ic 
distention which resulted from failuie to peiform a pjloioplastv and a tube 
gastrostomy 
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Two Other deaths were preventable. One elderly man died during the night 
of a spontaneous pneumothorax. Another patient died following disruption of 
the cervical and thoracic incisions. By mistake, the sutures were removed on 
the sixth day, post-mortem examination disclosed leakage of gastric contents 
into the posterior mediastinum from a distended lower esophageal stump. Here 
again, a tube gastrostomy to decompress the stomach had been omitted. 

At the outset of this present study, it was our feeling that in nonresectable 
carcinomas the patient might be given palliation if the lesion was bypassed 
with the colon. Upon establishing a satisfactoiy swallowing mechanism, the 
primary lesion could be irradiated. This was done in 4 patients with exten¬ 
sive high carcinomas. None of these patients left the hospital, and in none was 
roentgen therapy instituted. Even though they obtained an adequate caloric 
intake through the gastrostomy tube, wound healing was poor. Ultimate break¬ 
down of one or more of the anastomoses occurred with a fatal outcome in each 
of these patients. 

Five individuals died 2 to IS months postoperativelj'’ due to metastasis or 
heart disease. All of these patients could swallow in a normal manner and 
initially gained weight. At the moment, 16 patients are living who have been 
followed from 3 to 36 months. One hundred per cent of the patients had a 
normal appetite with noiinal ingestion of food. Ninety-four per cent had an 
improved nutritional status and have gained weight. Hemoglobin, hematocrit, 
and serum proteins were normal in all individuals at one time in the post¬ 
operative period. 

The commonest nonfatal complication was diarrhea. This occurred in half 
of the surviving patients and in all of the experimental animals. It is asso¬ 
ciated with ingestion of food. Fortunately, this usually persisted for only a 
few weelts. 

Three of the earlier cases had varying degrees of gastric retention. The 
use of a pyloromyotomy or a pyloroplasty in association with suction through 
a gastrostomy has prevented this occurrence. 

Empyema without a demonstrable anastomotic leak occurred in 2 patients. 
They responded satisfactorily to frequent earlj’- aspiration and subsequent open 
drainage. 

In 3 patients, because the middle colic vessels arose from superior mesenteric 
artery and vein to the extreme right of the midline, it was necessary to use 
the distal end of the bowel for the esophageal anastomosis. All of these patients 
complain of nocturnal regurgitation. Reverse peristalsis can be demonstrated 
in these segments tluoroscopically. 

Atelectasis has been a disturbing complication in resecting high intrathoracic 
carcinomas. In 4 elderly patients, collapse of the right lung occurred soon 
after surgery. AU responded satisfactorily to bronchoscopy and tracheostomy. 

Narrowing of the esophago-colon anastomosis in the neck occurred in 2 
patients. One followed closure of a fistula and the other was due to angulation. 
Revision was successfully carried out in both instances. 
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C\SK KEPORTS 

Cask 1 .—Stricture of the entire e^ophapus (Pi^. 7): B. S., a 30 month old Negro 
mnle oliild, \\a^ admitted to Chnclaii*] Cit 3 ' Ho*?pi!al on Nov. 20. lOoO, because of persistent 
regurgitation of food of 2 weoks^ duration. No lii«tory of ingestion of corroai\c material 
oouM l)e obtained from the mollier. Barium swallow on Nov. 23, 1930, rciealed two areas 
of narrowing of tlio O'ophagiH, one at tlie midportion and the other 2 cm. proximal to the 
cardia. Esophagoseopy on No\. 27, d«*nionstrated narrowing of the lumen at 13 cm. 

The muco«a appeared reddened and friable. No attempt was made to pa'ss the e^op^lago«eope 
Ix'vond this lc\cl, but l»iops\ wa** olitained whuh Mib'-equently proved to be nomontributorj 
Several boiir’< following e«ophngo<^opv, the babv devclopcil crepitation of the neck. A roent 
gonograni of tlie chest revealed snbeutaiieous emphvvcma and a pneumomediastinum Ho v\as 
iramcdiatelj taken to .‘-urgery where a Miperior media-stinotomy and a tube feeding gastros 
tomy was performe<J. Aside from the sub«eqiioiit single aspiration of 120 c c. of straw- 
colored Iluid from the left hemithorax, his recovery was uneventful. Progress x ray studies 
showeil narrowing of the c'^oplingus, and beeaii-e of the unknown etiology, a «ccondarv 
e«opliagoscopy was undertaken on Jan. 11, 1057, which demonstrated a white scarred 
ring II cm. from the incisor teeth. A No. 5 esophago'cepe could not be parsed beyond the 
stricture. No attempt was made to biopsy the area because of the previous unfortunate 



PIff. 7.—Roentgenogram on right shows a long esophageal stricture. Postoperative film 5 
months following colon transplant through anterior mediastmal tunnel. 


episode. The cliild was prepared for surgery in the usual manner and operated upon Jan. 
30, 1957. Because the stricture began in the cervical region, we deemed it advisable to 
perform a two-stage procedure upon this child, primarily to interpolate the colon between 
the normal esophagus in the neck and the stomack through a mediastinal tunnel without 
opening the chest, and subsequently to resect the entire remaining esophagus via a right 
thoracotomy. The operation was performed with the child in the supine position. The 
esophagus was exposed in the neck through an incision along the anterior border of the 
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right sternocleidomastoid muscles. A A^-shape segment of the sternum uas removed to 
increase the anterior posterior diameter at the thoiacie inlet. This maneuver allous the 
colon to be displaced into the neck without constriction at this level. The esophagus was 
ranseeted at the level of the manubrium and a small catheter inserted into the distal end 
m an attempt to create an external mucus fistula. Tliis was brought out through a stab 
wound lateral to the oiiginal incision. Through a separate abdominal incision, the colon 
was mobilized from the cecum to the splenic fle.\ure in the maimer previously described A 
tunnel was created in the anterior mediastinum from below and above. The cecum was 
displaced into the neck through this tunnel and end-to end esophagocolostomy was performed 
- cm. below the inferior pharyngeal constrictor muscles. The distal cut end of the colonic 
segment was anastomosed to the stomach and end-to end iliocolostomy established lower 
gastrointestinal continuity. The pyloroplastj' completed the operation. 

His postoperative course was most giatifying. Gastrostomy feedings were begun on 
the seventh day and oral feedings on the eleventh. He was discharged on February ^0 at 
which time he was eating chopped foods normall}-. ” ’ 

He was readmitted to the hospital on ilarch 26. The mother stated that he had ex¬ 
perienced some difiSculty in swaUowung in the prerious 2 weeks. X-ray studies of the esopha¬ 
gus and transplanted colonic segment demonstrated narrowing of the esophagocolostomy. The 
barium however easily traversed this area into the stomach. Hemoglobin, hematocrit and 
serum proteins were normal. ' 



Pig-. 8.—^Delayed reconstruction of esophagus for tracheosophageal fistula with atresia. An¬ 
terior mediastinal colon transplant 21 months postoperatively. 

Case 2.— Delayed, reconstruction of esophagus in tracheoesophageal fisttila with atresia 
(Fig. S): Baby F. was operated upon July 22, 1954, at the age of 4 days for a tracheo¬ 
esophageal fistula with atresia. After ligation of the fistula, the lower end of the esophagus 
was resected. A feeding gastrostomy and cervical esophagostomy were performed. 

Due to the extreme diligence in the care of this child at the age of one year he was 
felt to be a suitable candidate for a reconstruction of the esophagus. From previous ex¬ 
perience in the use of the colon for esophageal replacement following resections for car¬ 
cinoma, we felt that this segment of bowel could be used for almost a total esophagoplasty. 

He was operated upon Aug. 27, 1955. With the baby in the supine position ithe abdomen 
was opened tlirough a long upper midline abdominal incision. The colon was mobilized 
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from the coctirn to the splenic llextin*. It was transected proxlnmlly anil distally after an 
adi'quato lenRlh for csophnRcnl reconstruclion had been dctcrniined. 

The cerMOal osophaKostomy was dissected fn'O and a tunnel created in tlio anterior 
medlnstimmi just posterior to the poriosteutn of the sternum. Tlie proximal end of the 
colon se|;nient, winch was su>pendo«l on n pedicle of the middle colic artery and \Ciii, was 
passed throiij;li the media‘'tin'il tunnel into the neck. An csophajjocolostoniy and cologas 
Irostomy were performed coneoimtantly A coloeolostom 3 ' rcMinitrd the lower bowel. 

Ills postoporati\e course was unexentfid except for the development of a cerxical 
fistula. Tins healed readilx' and he was eating nornialh’ at tlie time of his discharge. 

On Dec. lo, Ifi.hl, he was admitted to the hospital hoiauso of difiicidt^’ m suallowing. 
It was obvious that ho had a slrictuTe at the esophagocolostomj' but, because of sexi'ie diarrhea 
and an eloxated tompenitiire, a rexisum of Ins anastomosis was postponed. On December 18, 
he sinhlenlx’ became cjaiiotic and d.x-'piieic neco'-situting an emergency exploration of the 
neck. Although it was our mleation to perform an immediate tracheostomy, the dilated 
upper esnpliage.il segment, whieh was adherent to the skin, was opened. .Markcil narrowing 
of the colon was fouml at tiu* thoracic inlet. 'Phe stricture was manuallj' dilated xxith a 
clamp until an :idi‘(|unle iipemng was obtained. The e«ophagiis was closed and a trachcotomj’ 
performed. II«> made a satisfactory’ n*ooxery and today is a healthy active child. 



Flff. 9.—Colon transplant for lower esophageal stricture following Ingestion of muriatic acid 

Case 3 .—Stricture of the lower esophagus following ingestion of corrosties (Pig. 9): 
J. S., a 6-year*old boy, was admitted to University Hospitals on Oct. 19, 1953, shortly after 
swallowing muriatic acid. An emergency’ tracheostomy was performed because of difficulty’ 
in breathing. Ho was placed on cortisone and antibiotics. Barium swallow one week after 
admission demonstrated a stricture at the lower end of the esophagus and pyloric obstruction. 
Bouginage of tho esophagus was successfully carried out but the pyloric obstruction per¬ 
sisted. Resection of the distal end of the stomach was done on Dec. 10, 1953, a Bilroth I 
type of procedure being performed. Despite repeated esophageal dilatations, dysphagia and 
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Tomitiug persisted. Neuropsycliiatrie tiierapy was instituted because of absence of roent- 
genographic evidence of pyloric obstruction. Narrowing of the distal end of the esophagus 
was repeatedly evident by x-ray study and esopliagoscopy. On several occasions it was 
necessary to remove a bolus of food from the esophagus. In June, 1955, x-ray studies of 
the esophagus and stomach showed 90 per cent gastric retention at the end of 0 hours. He 
was admitted to St. Nlexis Hospital where revision of tlie gastroduodeiiostoiuy was done on 
July 1, 1955. The lower end of the esophagus was definitely narrowed but there appeared 
to be normal passage of barium through this area. Following this he was relieved of his 
symptoms only temporarily. Ho was admitted to City Hospital on July 7, 1956, for con¬ 
sideration of resection of the esophageal stricture. Roentgenograms showed a persistent 
narrowing at the lower tiiird of the esophagus with an adequate gastroduodenal stoma. On 
July 12, 1956, the lower end of the esophagus was resected and the transverse colon inter¬ 
polated in an isoperistaltic manner between the esophagus and the stomach. His postoperative 
course was uneventful except for transient rise m fever in his second postoperative day. 
Blood culture was done at this time and it was positive for Acrohactcraerogcncs. Tube feedings 
were begun on the seventh postoperative day and oral feedings on the tenth day. He was 
discharged on the sixteenth postoperative day at which time he was eating a normal diet. 
The gastrostomy tube w.as removed just prior to his leaving the hospital. He was readmitted 
to the hospital on March 12, 1957. for follow-up studies. In the interim his mother stated 
that he was now able to cat everything and had no regurgitation. His only complaint was 
occasional abdominal cramps and diarrhea. Weight gain had been appro.vimately 4 pounds 
in 2 months. X-ray studios showed slight delay in the passage of barium from the esophagus 
into the colonic segments but was otherwise normal. Blood studies performed at this time 
showed a hemoglobin of 12 Gm., white blood count of 6,7S0. Total proteins were 6.4, 
albumin 4.9, globulin 1.5 with an A/G ratio of 3.27. 

C.\SE 4.— Carcinoma of the distal end of the csopha(jus icith invasion of the stomach 
(Fig. 10): R. W., a 49-year-old Negro man, was admitted to Cleveland City Hospital on 
May 20, 1956, complaining of dysphagia of one year’s duration. During the uitorim he had 
lost 40 pounds of weight. Esophagrams deiuoustraled an irregularity of the distal third 
f the esophagus with almost complete obstruction at this level. On esopliagoscopy, a squa- 
mous-cell carcinoma was biopsied 40 cm. from the incisor teeth. Following satisfactory 
chemical and nutritional balance and the usual bowel preparation, the patient was operated 
upon Jan. 11, 1956. With the patient in the lateral position, the left cliest was entered 
through the seventh interspace. The lesion was found to extend from a position ajiproxi- 
mately 9 cm. above the diaphragm down to and through the hiatus. The esophagus was 
mobilized from the aortic arch down to the diaphragm. The latter was incised anteriorly 
to the costal margin. Simultaneously through a left paramedium incision, the transverse colon 
was mobilized by the abdominal team. Since the lesion was found to be invading the stom¬ 
ach, the proximal two thirds of this organ was removed along with the lower esophagus. 
A section of the transverse colon on a pedicle comprised of only the middle coUe vessels 
was brought up into the chest. The proximal end of the bowel was anastomosed to the 
esophagus about 4 cm. below the arch of the aorta. The distal end of the colonic segment 
was anastomosed end-to-end to the remaining portion of the stomach. A pj loromj otomy 
was done as was also a tube gastrostomy. Lower intestinal continuity was re-establislied 
with an end-to-end colocolostomv. Before closure of the chest, the segment of the colon m 
the thorax along with a proximal portion of tlie esophagus was entirely repleuralized. The 
duration of the operation tvas 4 hours, during which time he received S units of blood. 
Following extubation, he developed ditficulty in breathing and it became obvious that the 
left lun- was collapsed. A tube was inserted into the thorax anteriorly in the third mter- 
space and, because of the traeheobroneliial secretions, a tracheostomy was done. He responded 
satisfaetorilv to these measures and subsequently had an uneventful convalescence. 

Pathol'o-ic sections demonstrated an extensive squamous-cell carcinoma of tlie lower 
end of the esophagus with invasion of the proximal portion of the stomach. The esophagus 
had been divided through normal tissue 2 cm. proximal to the lesion imd the stomach ^vided 
7 cm. distal to tlie lesion. The lymph nodes removed with the specimen were negative for 
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ncoi,U-m. lie <li<cImrKO,] <,.i tho tl.lrlyflflli i.ost<.pprntU p Jay. Smico IpavniK tho liov 
pUal, l.P )•»•< K'ainpJ t.l l-mnulH an.l is tack to «ork .as .a lal.orcr ,ti the sted mill. Jf.s 
annptito is .uirnial and lip I..as no abdon.iiml distress nnd no TCKurKitnt.on. X-ray studios 
roieal normal rassaRO uC barium throaRh the upper Kastrointostinal tract. HonioRloliin, 
lu'nmtocnl, nnil vcrtirn proteins nre \%iU\iT\ normal UmU'^. 



Flff. 10.—Carcinoma lower on«l of CRopIminis rc«iectc(l nnil colon transplant performed one 
year prcMously. Patient ^nlncd 15 pounds and works In a steel mill. 


C.tSE j. —JJcntpn stricture of lotccr third of the csopharjits due to esophagitis and hiatal 
hernia (Fig:. H): H, Iv,, a 55*ycar*oM uliitc man, was first seen in Polyclinic Hospit.al in 
February, 103C, because oC licmatcmesis ami tarry stools of 3 days' duration. X-ray studios 
of the upper ffaslrointcstinal tract acre interpreted as sbouing evidence of csoplmgiti«, and 
hiatal hernia with a 2 cm. constriction above the left leaf of the diaphragm. EsopJiagoscoj)y 
showed a concentric narrowing of the lumen 29 cm. from tho incisor teeth. A biopsy of 
this area was reported as chronic esophagitis. In view of tho symptoms, he was operated 
upon Dec. 4, 1956. The lower end of the osopliagiia was hypertrophied and one could feel 
a firm indurated area just above the cardiocsophagcal junction. Due to the shortened esopha¬ 
gus, about i inches of the cardia was abo\c the diaphragm. The stomach was opened longi¬ 
tudinally just below the cardioesophngeal junction and the incision continued up into the 
esophagus through tho stricture. A frozen section of this segment disclosed no evidence of 
neoplasm. In view' of this, the esophagus was closed transversely. TIic diaphragm was 
incised from tlie hiatus outward. A Foley catheter was inserted in the stomach and brought 
out through a stab wound in tho left upper quadrant for decompression of the stomach in tho 
early postoperative period. Because of the short esophagus, it was impossible to place the 
cardiocsophagcal junction below the level of tho diaphragm. The postoperative course was 
uneventful. He was discharged December 19, eating a normal diet. X-ray studies of the 
esophagus and stomach just prior to discharge showed ■very little change in tho pathologic 
entity. It was felt that an inadequate operation had been performed and that sooner'or 
later this man would again get into difficulty and a different typo of operatic approach 
would be considered. He was readmitted to the hospital just 6 days later on December 24, 
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because of gastrointcstiual bleeding. The lieinoglobbi was 2.0 Gin. with a lieinatociit of 
7. The treatment consisted of Sippy diet and inultiide transfusions. He was discharged 
markedly improved on Jan. IS, 1957, with a hemoglobin of 11 Gm. lie was admitted to 
the hospital a third time on Maich 12, 1957, complaining of persistent lower thoracic and 
epigastric distress. The hemoglobin was S Gni. and he had a hematocrit of 24. Tariy 
stools had been present for 3 days. 

In view of the symptoms of recurring upper gastrointestinal bleeding, it was felt tliat 
the lower esophagus should be resected, the stomacli placed beneath the diaphragm, and the 
esophagus reconstructed with a segment of the transverse colon. 



Fig. 11.—Esopliagus reconstructed with the 
lower end due to esophagitis and hiatal hernia, 
a hiatal herniorrhaphy was unsuccessful. 


)lon following resection of a stricture of 
revious Helnicke-Mikulicz procedure with 


This operative procedure was done on March 19, 1957. The abdomen and t le e 
thorax were simultaneously opened. Tlie lower end of the esophagns was resected an le 
cardia closed and isoperistaltic segment of transverse colon was interpolated between le 
esophagus and a separate opening at the fundus of the stomach, A colocolostomy, py oro 

plasty, and a tube gastrostomy -were performed. 

The postoperative course was most gratifying. Gastrostomy feedings were egun 
on the sixth day and oral feedings on the tenth. On discharge from the hospital, le was 
eating satisfactorily and completely relieved of his symptoms. 

Case 6 .—Carcinoma above the aortic arch (Fig. 12): D. S., a 53-year-old Negro man, 
was admitted to Cleveland City Hospital on April 8, 1956, with a left lower lobe pneumonia. 
He stated that for 3 weeks he had had difficulty in swallowing solids. An esophagram emon 
strated a lesion at the level of the aortic arch. On esophagoscopy, a squamous-cell car¬ 
cinoma ivas biopsied 25 cm. from the incisor teeth. 
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Ifo WHS oiMTnfo*! upon Ai)ril 120, 19.10. With thi' imtient posUimicJ on tho operating 
tablo nt a J.l ih'jjn'o nn>>k\ iho rJKht thorax nml alHlomou \\cro aiimiKam'ously opened. The 
csopliapus nas re«eeted 2)y the thoracie tc.im from 1 inches nboie tlic ary^^os vein doun to 
t!)o iliaphrnjim and th*' lower end inverted. A frozen «ccUou of the upper end of tho 
esoplinf;tm was negatin' for earcinonn. At the limo tlio colon was mobilized from tho 
rccum to tho cplcnic Ilexurc. It wns Mwerod proximallv' and distally and tho cfcum delivered 
Into tho **hes( through tho diaphragm anterior to the liver. An c^oplingocolostorny nnd colo- 
gnstro'-toiny e^taldl^lH'd upper gaslrointostinal continuity. An iliocolo^tomy, pyloroplasty, 
and twho gn'‘tro*«toniy completed the oporalivo proco«Iure. 



A. If. 


FIfr. 12.—Esophagus reconstituted with tlic colon following resection of carcinoma above 
tlie arch. 

A, Preoperallvc; Negro man, aged 5t; carcinoma above aortic arch. 

B, Postoperative: Resection with colon tiansplant anterior to right hilum. Patient 
living and well at 10 months. 

His postoperative course was rather pioloogcd and stormy. Ho developed an incarcerated 
licrnia which was repaired on the tenth day after operation. An empyema in the right thorax 
was drained on tlio sixteenth day. Following this, mi csophagopleural cutaneous fistula was 
demonstrated. Tliis healed in a short time and at tho time of his discharge he was eating 
in a normal manner. 4t 

He subsequently gained weight and felt well until November, 1956. He returned to the 
out'patient clinic at this time complaining of difficulty in swallowing. Esophagoscopy revealed 
recurrent carcinoma near the esophagocolon anastomosis, (It is interesting that sections 
through this area at the time of surgery showed no evidence of neoplasm.) X-ray tlierapy 
was instituted with only temporary improvement. He died recently at another hospital. No 
post-mortem examination was performed. 
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DISCUSSION 

Keeonstruetion of the esophagus has been a problem since the first success¬ 
ful resection in 1913 by Torek.-* Initially antethoracic skin tubes enjoyed 
considerable popularitj'. However, the multiple stages with numerous failures 
due to strictures and fistulas caused this to be abandoned.** The stomach lias 
been used subcutaneously and intrathoracically since the first successful recon¬ 
struction by Adams and Pliomister in 1938,^ following resection of a carcinoma 
of the lower third. Due to the work of Sweet*^ and Oarlock® higher and higher 
transplantations have been performed. The stomach has distinct advantages— 
it is readily available, has a good blood supply, and can be mobilized easily. 
However, the development of peptic esophagitis, regurgitation of gastric con¬ 
tents into the pharynx in higli resections, and tlie general unhappy state of 
many of these individuals in regard to their eating habits are distinct disadvan¬ 
tages. The development of esophagitis and gastritis in our e.xperimental animals 
witliin a relatively short period of time lends support to the thesis that the 
stomach is not a good substitute for the esophagus. 

Subcutaneous jejunal transplantation was first used successfully by Roux 
in 1907.^® In recent years, intrathoracie jejunal replacement of the esophagus 
has received considerable impetus from the work of Rienhoff,** Harrison,® and 
Roberteon.^* However, the short va-scular arcades make it dififieult to obtain 
a long healthy segment. 

Although inert plastic tubes could serve as an esophageal bridge, from 
our o^vn personal experiences in the laboratoiy,** Ave do not believe this should 
be done in man. 

The use of the colon to replace the esopliagus is not a ncAV idea. It Avas used 
sporadically in Europe as an antethoracic subcutaneous transplant since 1911. 
HoAvever, veiy little has been Avritten concerning the intrathoracie replacement 
of the esophagus Avith the colon. Robertson, Hoaa'C, and SmitliAAUck*" reported, 
before the Surgical Forum in 1952, a succe.ssfully staged operation in Avhich 
the transAmrse colon Avas interposed betAA'^een the esophagus and jejunum. Ker- 
gin, in 1953,“ used an isolated transverse colonic segment to bypass a high 
esophageal obstruction caused by a benign paraffinoma. In 1954, Mahoney and 
Sherman,^ and Dale and Sherman-* reported upon their experiences using the 
right colon for reconstructing the esophagus in carcinoma and tracheoesophageal 
fistula AAnth atresia. Recently Haight*^ has successfully used the I’ight colon in 
7 cases for delayed reconstruction of the esophagus in tracheoesophageal fistula 
AAdth atresia. 

In order satisfactorily to replace the esophagus, the substitute should meet 
certain criteria. It should have sufficient length, be assured of continuing 
Auability and the lining be resistant to acid peptic digestion. The colon appears 
to meet these requirements and in addition offers other’ distinct adAmntages. The 
colon has an excellent blood supply. The anatomic distribution of the marginal 
arteries is such that a segment of viable bowel suspended upon a pedicle of the 
middle colic artery and vein can be mobilized from the cecum to the descending 
colon. 
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I?cpcnt evnhiation o£ tlio poof rcsulls obtaiiiod in loseetion for carcinonni 
of llie esophagus aignificantly point to the Iiigli ineidenec of local anastomotic 
rccurrcncn due to inadequate longitudinal removal of the esophageal cancer.”*' "* 
The colon is of sufficient length to reach the neck in high esojiliageal resections. 
This allows one to resect as much of the esojihagiis as deemed necessary and do 
an anastomosis without tension at the proximal suture line. Although the ma¬ 
jority of our esophago-eolon anastomoses have heeti performed within the thora.x, 
it may ho hotter to do them in the neck, hess pro.ximal colon has to he used 
when the howcl is displaced through an anterior mediastinal funnel into the 
neck bccaiiso of relatively short distance helw<en the, .xiphoid and the manu¬ 
brium. The vasetdar pedicle is not angulated or put under tension as is occa¬ 
sionally true when the colon is displaced into the right chest ovi-r the right 
lobe of the liver. One great advaiilagc of doing the anastomosis in the neck 
is that if leakage occurs the resultant fistula can easily he closed and will not 
ho fatal. 

We have been particularly imi)ressed with the length of the colon in ehil- 
dren. This is duo to the redundancy of the transverse colon and the presence 
of a thin pliable mesentery. Thus, it is particularly ai>plicahle in reconstituting 
an ndef|uato swallowing mechanism in congenital atresia or corrosive strict tires 
where long .segments ate involved. 

The large, bowel is seemingly resistant to peptic tileeration clinically even 
though refiux of barium into the colonic segment can he ilemonstrated fluoro- 
scopically, no evidence of colitis could he seen on routine esophagoscopy and 
post-mortem examination up to 20 months following imiilantation. 

Our e,xporimental evidence supports the above concept. Furthermore, 
Morendino and his associates’='” suh.jeeted dogs to histamine stimulation 30 
days after colon transplants. None of their animals exhibited esophagitis or 
colitis. However, in most of his iininiids, severe gastritis was piescnt. 

The ahsenee of esophagitis clinically and the inability to produce it e.xpcri- 
menlally when the colon is interposed between the esophagus and stomach sug¬ 
gests its tipplicability in resections for peptic csoph.sgifis. Although 2 patients 
had complete amelioration of their symptoms, their follow-up has been too short 
to propose this operative procedure ,as a cure in these individuals. With the 
evidence at the moment, it appeals that the interposition of an acid resistant 
segment of bowel between the, esophagus and alomaeh pioteets the, usvial sus- 
eeptihlc csopliageal museosa from digestion by regurgitation of gastric jiiices. 
Also the use of a segment of howt'l between Ihe esophagus and the stomach 
allows the latter to remain in its nonn.al position below the diaplit.agm. 

Fluoroscopic examinations show regular eontractions which ptopcl the 
bolus .along llie Iransiilimtod colon to tbe stomaeh. Tims, tlio colon serves as 
a conduit between the esopliagus and tbc slonmcb. Tliis, along with tlie stomach 
rctnaining in a tiorimd position below the diaphragm, accounts for the excellent 
nutrition of those patients. 

.SUJIJrARY 

1. The techni(|no of reconsti uetion of the csophagits with segments of the 
colon is outlined. 
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2. Experimental data are presented to snpport the thesis that the colon 
can serve satisfactorily as an esophageal substitute without the develoi^ment of 
colitis or esophagitis. 

3. The results and complications in 28 patients operated upon for benign 
and malignant disease are discussed. 

4. The advantages of using the colon instead of the stomach or jejunum 
are presented. 
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Disci ssio\ 

UR EVRLEB MAIIONJ:\, Rochc'^lor, N Y —Lhiiik •sou, Ur Ilnight, for the prisilego 
of dj«cu‘?'iuig tins piper Dr Siiornnn, Dr Pile, iml I line been c\trtmelj interested in 
follouing Dr Nosillo^s work and wo ire delighted with tin. results he Ins had, with Ins 
present enthusmm for the proudiue, nnl the beiutifiil presintition gnen todn Our 
•series is not is Iirge is Dr Ncnlle's but I think wc igtt?e in ever) wij with whit he Ins 
ifitd A\e in pirtieulirl} intiro'slod m U’^nig this ns i procedure for cstiblisliing continuitj 
of the gistrointostnml tnet in tlnldriii with benign lesions Tlio origmil procedures were 
for circmoma of the upper c-oplngus ml tnuhcoisoplngcil fistnlis in whicli wc could not 
estiblish normil continuity by direct nnnstomosis Those clnldrin ire now growing ind are 
well it 1 i,cirs of igo Wc iDo fed tint in tin ti-se of eircnionn of the e«nplugus, as 
nuntioncd In Dr NcmIIc, tint if one cm do n totil e^ophigtctomy the end re«-uUs will be 
hotter ^\l hue u^cd this ccNoril times as n twostigc proctdtirj m poor rivk piticnt«, re 
sccting the circinoini ns tin fir--t stage through i thoricu incision on the right, IciMng i 
ccmcnl csoplngostoms ind i gislrostomy As soon is tlu piticnt s gcncril condition ini 
pro\Ls (ho gistronitO''tinil contimntj is restored b) ii colonic (rin‘*plniit in the interior 
mcdnstiniim which docs not require i ‘'Ctond thornotoiny 

DR FRED J VR^ '^eittlc, \\if*h — \Ithough we too hi\c n«cd the colon in replace 
incnt of the osophigin, I shonhl like to prevent i somcwhit \iried situition, which we en 
countered recently, with tin thouglit tint its solution might he of viluc to others m the 
Vs«ociition 

(Slide) This lidj, aged It m irs, pr sented herself with i inirki dl> decompcnsitcd acha 
lasn of the esophagus tint held 1,100 cc In 1048, we did the then accepted cirdiophstj pro 
fcdurc flic result was only niod» ritcl\ siKctssfiil as wc hid found in a senes of 0 ciscs 
at tint tinn, and wo clasvcd her as a fur result only IIowc\cr, her symptoms continued 
mildly for approvimatoh h years and then more se\crcly for a year because of reflux 
esophagitis, until sUo finally was unable to get anything through the stnetured lower end 
of the esoplngus, even liquids Wo then chose to interpose a segment of ycjunnm about 23 
cm m length, this operation hmiig hccii applied in 2 eases of acini isn at the time, very 
successfully I behove, by Mcrcndino and Dillard The result again was only moderateh and 
bncfh successful, bcciusc it the end of 6 weeks sbe w is again totally unable to cat 
(Slide) This was the stricture that existed at the time she returned 
Si\ weeks iftor the interposition of the yciimiim we found a situation on esopingoscopy 
that ivas misinterpreted as a stricture of the proximal anastomosis of the jejunum We 
chose then to enter the riglit chest since we could not get into the proximal stoma to insert a 
dilator We found a most interesting situation The large sigmoid esophagus had developed 
a cecumlike dependent pouch beyond the jcjuiial stoma The anastomosis was widely opened 
proximally Two fingers could be inserted into the stomach Weight of food m the esophageal 
pouch converted the proximal stoma into a slitliko aperture that was pliysiologic rather 
than organic The problem of dealing with this became one that we puzzled about for a 
bit Finally, at the suggestion of my associate, Dr Robert Coc, wo decided that if we could 
convert this very largo sigmoid pouch into a straight, thougli apenstaltic, tube to deliver the 
food into the peristaltic jejunal Iiopper below, it might work. Wo therefore made a wide V 
excision of the excess esophagus from the thoracic inlet down to the cecum and thus re 
created a small, relatively normal sized esophagus 

Ihe result has been most satisfactory The patient now for the first time, since she 
was 18 years old, is able to eat steak and anything else she wants as rapidly as anyone 

(Slide) Unfortunately, this slide shows quite poorly the final result There is very slight 
hesitancy of barium at the orifice of the interposed segment Barium passes otherwise normally 
and rapidly into the stomacli 

DR GEORGE I THOM VS, Seattle, Wash — Vs you know, we have been interested in 
the replacement of the esophagus and portions thereof by the jejunal interposition operation, 
for approximately 5 years, under Dr K A Merendino's guidance, and I thought it would 
1)0 of interest to the Assiociation to bring up to date some of our recent data 
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(Slide) Tins slide was alluded to by Dr. Neville and represents a comparative study of 
groups of jejunal and colon replaeeuient preparations. Fourteen dogs in the colon series and 10 
dogs in the jejunal series were given large doses of histamine for intense stimulation of acid- 
pepsin secretion and evaluated either upon tlieir death or upon sacrifice after 45 days. As you 
can see, both segments of the intestinal tract presented esophagitis grossly and microscopically. 
The colon and the jejunum essentially had the same negligible degree of pathology after 
this stimulation occurred. One perforation of the colon is included at the gastrocolic 
anastomosis and, at the time of autopsy, it contained a small amount of inspissated pus, and 
we therefore perhaps assumed that it was due to a suture line breakdown. You can see a 
similarity of ulcerative disease of the stomach and duodenum in both series. 

(Slide) This is a recent breakdown of 2t) clinical cases. The jejunal segments vary in 
leugUi from 20 to 37 cm., tlie majority of wliich (IS) were done for benign peptic 
esophagitis witli stricture, -ill but 2 of these patients had sliding hiatal hernia. We have per¬ 
formed 3 jejunal interposition operations for cardiospasm, and 3 operations for this entity 
following sevenil previous procedures, esophagogastrostomy and similar operations. We have 
performed 2 procedures for extrahepatic portal block witli varices, and these patients are doing 
well. There arc 3 miscellaneous lesions, 2 lye strictures, and one iatrogenic (?) stricture. 
That was a lady who developed a severe peptic esophagitis and stricture following prolonged 
nasog.istric intubation after cholecystectomy. The mortality rate is 10 per cent in the entire 
series. 

(Slide) We thuik this slide will bo of interest, because of the fact that all these patients 
were severe alcoholies. We believe that alcohol is much like histamine in the experimental prep¬ 
aration and puts the intestinal ••esophagus” to severe test. As a matter of fact, 3 of these 
patients had suffered because of their stricture, and were able to resume tlieir very pleasant 
pastime following the jejunal procedure. They are very happy with the operation. 

DE. OWEN H. WANGENSTEEN, Alinneapolis, Minn.—One of the great advantages 
of having graduate students is that unanticipated dividends accrue therefrom not infre¬ 
quently and, when these men coiue from otlier institutions, they often bring with them ideas 
concerning operations new to the recipient institution, but practices already in vogue from 
w lienee they came. The nature of my discussion will outline such an occurrence. 

Many of you in tliis audience, I know, have worked with various types of gastric tubes 
for esophageal replacement. A number of you have used the Beck-Jianu gastric fundus. 
A number of years ago (Surg. Gt-uec. vt ObsL 72; 257, 1941), I reported upon 5 patients 
in whom I had swung up a jejuual loop attaching the lower end to the gastric fundus, the 
upper proximal portion being brought up subcutaneously in the midline to the nipple level. 
Tills procedure was employed to complete the Torek operation for cancer of the esophagus. 
There was no mortality although I completed few of the proimdures. 

It is concerning use of the Mes greater curvature tube (J. Internat. ColL Surg. 11: 270, 
194S) in replacing tlie esophagus in operations for cancer of tlie upper thoracic segments of 
whicli I wish to speak today. Whereas the Beck-Jianu tube, pedieled at the base of the 
gastric fundus, does give considerable added length, it does not afford the length which a 
tube designed from the greater curvature does, if one sacrifices the entire lesser curvature 
of the stomach. Those of you who liave measured the length of the greater curvature of the 
stomach at operation have had occasion to observe that it is in tlie range of 55 to 60 cm.; the 
lesser eurvature from tiie pylorus to the esophagus, on the contraiy, measures only usually 
from 20 to 25 cm. In other words, if one begins fashioning the greater curvarure tube by 
cutting away the lesser curvature, l*eginning a short distance above the pyloric artery, it will 
be found that it is not dimculi to make a tube about as long as a thread placed along the 
greater curvature from esophagus to pylorus. As has been suggested, this distance is ordinarily 
in excess of 50 enu In making such a rube, I use the ordinary liaK-lengtli, hysterectomy type 
of clamp, engaging the stomach along the path of the tube to be designed between two such 
clamtis—the upper row of clamps will come away with the sacrificed lesser curvature. When 
this division has been completed, I remove the lower damp and under the tension of stretch, 
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VmurV P^opirAcii s Ri'criNsiaiMnuiN wrni coion sroArLMS 

1 pi u t* a ‘'iriis of inl^rniplMl '.uita m (h niu * » lln m \t (I tmp is luium i ind niter 
riipln! inn« o> U ‘»tit(!us u pi a c 1 tt tl l« i 1 tlu ••uri, on t ikinij jinns to "(e to it tli it the 
tnln* IS strttcliul out i*? it is Iniiie. fi I n I W1»ii tin 1111100 * 11 ! Mitiin his bton cornploteil 
to tlio fop of (ho fun 1 i-^ i in (11 rou of interrufited siituros (10 silk) is 

placid 111 the M 

V III iiH Ke Mihulii 7 pilnn pi ixti I (1 tiNiir rtndj j,a‘*tnc emptying Iho length 

of the lulu* IS iiu i«ure«l uj on tlu inti n I si \ II to « tlint it Mill roach mcH into tho nccK 

It IS tlu n brought up (hrnigh tlu » 11 ui 1 hiitu** I do tln^e opt rations coimntionallj 

(Iirmigli tho ri^ht tliorix \ shut t \ 1 1011 is niadi in tin nick 011 the right side 

just nhon the dim h With t n ^ tlu ! ft hand indenting and delating tlic 

ph uri, tlio link uonn 1 n nlir>. I in 1 I t ^ir-^ from Mithni the thoiax protrude through 

the lus k Mound Tho ant<rior j rti 11 I ih sti rnocloi lorn istnid imiscle is cut free from 

the* dm u h, thus i nl irgiiig tlu noun 1 in 1 in iking it possihlf* (0 pull tlu gastric tube througli 
lh< »sophagi il 111 itns h hin 1 th right lun^ into tl i 11 1 

I liiio dniu oiiK uu s u II opiiition t li 1 it in tui st igis bringing the cervicil 

osophngiis out just l>. ru uh tlu cri oil artili^. In •'idi tlu gistrio tub"' It could, possibh, 
hii<* bun doiu as a oiu si igt, procnlnri Ih r s otmd to be some quistion of the aiabiliti 
of (h< iipp« r end of the gasfri tub * \ r is if proi d no slough la tin gastric tube 
oieurrid \. lafhetir mis left in th s |i ^ 1 nid for piirpos s of rornoiing the swilloiiod 

salii i 1)1 suction \. lour hole No IM li 1 nal tulu was plaied m the retroperitoneal 
portion of tin duo I num In the Wit/d t h h its tip bung thn uled Mell into the gistric 
tulu Mhuh hi Mitliin the tliorni During tl »!' postopirativ cour e, suction Mas applied 

to tins tuh' to Ki p the gistri tulu ompti \ t ling jejunostonii iias made also on the 

ifTirint loop of llu jojumim ju-t l>c\ond tlu du h aoiejuual uigh 

Vpproxirnit h J uedis iftcr tin primiri pro lure, union mis cdablislud between 
the upper ind of tin gistru tube and the ciriicil 1 ophiigus b\ a single row of sutures 

Disarticuliitiou of the prnxiuiil end of the chiicle made tins suture easj On completion 

of the prncidiire the capsule of the ni< hil uid of the thiido m is t lekcd doun uitli a fcM 
siituris of intirrupted chrmiu entgtit ihis pitunt lins dom ucll and has no trouble in 
sMilloMing Tliere Mas a lomporari einicil Hstula uhnli closed qnicklj 

V number of -^iirgions hm ixpressid <h p di-appointment and a sense of frustration 

01 ir their lecoinplislimi nt Mith cmecr of (In upper uid of the esophagus In Ins Tiuld 
hcfiin at tin Afidnal S Iniol of the Uniicrsiti of Minnc'^ot i m I\t)runr> of (his jear, Afr 

IMiilip \llison, distingtiisln 1 N'ulhi Id Profe^vor of Surgery it Oxford Uniiersit}, Luohnd, 

nidii itid tint lie had gii<n up opi rating for einecr of tin uppir thoracic esophagus bee uisp 
of the high iiiorl ihtv and the Iom ei rc rate \ number of distinguished Vmencan surgeons 
Mho lime h ul a spcilal intinst in surgiii of tin ooplugus also haii sounded simil ir notis 
of discourigiimnt over surgical rcuioi il of tli proximal hilf of the thoracic tsoplngus for 
<aiu.cr 

(Addendum on proof reading discussion, Tul> 3, 1957—Since this discussion took place, 
the Mntor li is tMiic swung up a Afes gre itei cunaturo gistric tube into the nick for cancer 
of tin upper thoracic evoph igus In both inst mcea, a one stage anistomosis Mas made Both 
coincrned lorj diflicult cancers, one of iihicli mis a frankly palintiic procedure, m that 
the patient lias nuolMment of the right lung and ui csophagobrom hi il fistula betMecn the 
esophagus ind tlie right mam bronchus It Mas Ulicicd tint diiision of the esophaoiis ibovc 
the fixed (ancor Mould mitigitc the i ITecIs of the esopliagobront-hi il communication Tho 
loner end of tho isopliigus mis inistomosel to a lejun il loop to provide a drainage lent 
for the esophageal ‘■ccietions This patient died a fen necks iftcr operation from complica 
tions of the fistula A small leak deiclopcd late 111 the neck Mound, which did not affect the 
issue Inasmuch as the cancer h id bten left m s tu, the iles tube Iia«l been brought up behind 
tho sternum In the other patient, cien though tho esopli igus ind trachea se-'med to be 
fused into a single indurated mas*-, it was possible to separite tJiem, working alternately 
from aboie ind below This patient has done well ) 
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In looking- back upon tliis very limited experience with only 3 cases, tlie writer feels 
constrained to remark that the simpler convalescence of the patient witli tlie two-stage pro¬ 
cedure was noticeable. It was also tlie easier cancer to extirpate. At tliis time the writer 
teels that an added experience with both the one- and two-stage procedures Mill be necessary 
to determine which is the safer and better operation. Certain I am that this operative tech¬ 
nique has something to offer in the management of cancer of the thoracic esophagus. 

It is my impression that use of the Mes greater curvature gastric tube may go a long 
naj to simplifj- some of the difficulties of esophagectomy for cancer of the upper half of 
the thoracic esophagus. Moreover, I believe that its use may also play an important role 
in improving the end results in that a greater length of the esophagus proximal to the lesion 
will be sacrificed in the extirpation of the cancer. 

DR. RICHARD H. SWEET, Boston, Mass.—^I wonld like to make one or tivo comments 
abont the use of the colon. This is something we are all very much interested in nowadays, 
and it has great use. I believe with Dr. Mahoney that its utilization perhaps should be con¬ 
fined to 2 indications: (1) the nse for substitution in cases of stricture and other benign 
lesions, particularly with regard to making an anastomosis in the neck, and (2) in cases of 
carcinoma for palliation onlj-. 

It is much easier to accomplish in children than it is in adults; at least that has been 
my experience. From the point of view of technique, so far as I am concerned, the exact 
methods of doing this are not quite established satisfactorily. I would like to point out 
to you that in cases of technical diffieultj', which I shall not go into at the present time, I 
have found it useful to make a sternotomy incision aU the way through the sternum. This 
can then be extended into the abdomen. This method has many advantages, one of which 
is that the surgeon does not have a second team that gets-in his way. 

One other comment is about the function or the physiologic behavior of this colon 
transplant u-ith wliich we do not yet have much e.xperience. I have one patient who is 
enormously satisfied u-itli the operation because she is so much better than she -was before¬ 
hand, but during defecation she has a most annoying fluttering sensation in her chest. 

DR. WILLIAM E. NEVILLE, Cleveland, Ohio (Closing).—I M’ish to thank all the 
cussants. Dr. Mahoney was particularly kind. It was duo to his initial enthusiasm using 
le colon as an esophageal substitute, that we embarked upon this program 3 years ago. 

Dr. Jarvis mentioned using the jejunum and I believe we can go along u-ith -n-hat he 
said. When u-e started this project it was our purpose to evaluate the colon only as an 
esophageal replacement. It may be better in lower esophageal lesions to use the jejunum. 
It is easier to obtain a segment of jejunum for a short lower esophageal replacement than 
to mobilize the colon. 

We have been interested in following the work of Drs. Thomas and Merendino with 
regard to the interposition of a jejunal segment between the lower end of the esophagus and 
the stomach. Their results seem to be good. He did not mention whether they had used the 
colon clinically, but I kiiou* they operated upon a number of experimental animals using 
the colon and came to the conclusion that it has a certain inherent resistance to acid peptic 
digestion. 

I thank Dr. Wangensteen for his comments. So far as using the stomach in the manner 
in M-hich he depicted, even though it appears to be relatively easy to do—^isn’t this -what we 
are trying to get away from in using the colon? With a tube of the stomach being used 
to replace the esophagus, you may end up with sjmiptoms of esophagitis. 

I agree heartily with Dr. Sweet. I disagree a bit on the point of palliation for car¬ 
cinoma, if -ive can use that term. As I mentioned, we attempted to bypass 4 nonresectable car- 
ciuomaL In none were we ever able to institute roentgen therapy and none left the hospital. 
He is absolutely right in that it is much easier to mobilize the colon in a child. The colon 
seems to be longer, it has a thin pliable mesentery and you can get a much longer segment. 
The sternal incision is certainly an interesting approach. We have not used it because we 
have had no difficulty in obtaining an adequate anterior mediastinal tunnel. 

I thank the Association for the privilege of the floor. 
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A Surgical Problem 
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P RIMARY tmnoi-s o£ tlic heart arc clearly a surgical problem. As an in¬ 
creasing numlicr of cardiac operations are carried out, a greater number of 
primaiy tumors of the heart will be recognized. Since the rapidly advancing 
techniques of cardiac surgciy will ccrtainlj^ permit successful removal of 
many of these tumors, greater awareness of their clinical bcliavior and the 
employment of appropriate methods in their diagnosis are in order. 

■\Vc wish to report the successful removal of two primary cardiac tumors. 
The firat. a myxoma of flic loft atrium, was removed 22 months ago. The 
patient is now well. Tlic second, a librosarcoma of the right atrium, was re¬ 
moved 12 months ago. This patient is presently well and without evidence 
of recurrence. A third patient, with an intra-atrial myxoma,-died suddenly 
while awaiting diagnostic studies which almost certainly would have led to 
operation. 

Case l.^o—TIio patient ^^a‘5 a Sa-year-oW coiistructioa worker. Ho had been in excellent 
health until, IS months before admission, ho noted niiiiimnl heniopty.sis during the course of 
a severe respiratory infection that was accompanied by an unusual dt'groi* of-^dyspuoa. 
These symptoms subsided, but a second hemoptysis occurred 12 months later one 

month before admission. The dyspnea and whccring associate'! with the latest cpi‘''>f]o wero', 
persistent and disabling. He therefore entered the hospital for study. There was no hiV^. 
tory of rheumatic fever. 

On admission, the patient was dyspneic at rest. A few r.Mes were noted at the right 
lung ba«c_, but there wms no other evidence of congestive failure. Examination of the heart 
showed the clas'iic signs of “pure” mitral stenosis. There was slight enlargement. The 
rhythm was regular. At the cardiac apex there was a presystolic roll of Grade 3 intensity, 
ending with crescendo in a sharply accentuated first sound. There was an associated pre- 
systoHc thrill. The pulmonic second sound was moderately loud and there was an opening 
snap. No systolic inunnurs \vere detected. 

Electrocardiogram showed the pattern, of right ventricular hypertrophy. X-ray study 
(Fig. 1) disclosed a slightly enlarged, triangular heart shadow with fullness of the left 
atrium and congestion of the lung roots. 

Mitral commissurotomy uas advised and operation carried out on May 23, 1955. The 
atrial appendage was of normal size and configuration, providing easy entry into the 
atrium. The latter was found to contain a soft lemon-sized mass attached by a narrow 
pedicle to the base of the interatrial septum close to the posteromedial commissure of the 
mitral valve. The tumor had prolapsed into the valve orifice, seriously obstructing blood 
flow through that structure. 


From the General Surgical Services of the Massachusetts 
partment of Surgerj’ of the Harvard Medical School 
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Under the existing circumstances—^partieulariy since we were aware of the disasters 
which had invanabl}^ oceunedis. 24 when impromptu attempts to remove such tumors had 
been made it was thought best to postpone lemoval until, under hypotliermia, the left 
atrium could bo opened and the tumor excised deliberately. The first operation was there¬ 
fore terminated. 

A second operation was carried out 011 .June 15. With the patient's body temperatuie 
lowered to 26.4° C. (lower than had actually been planned), the venous inflow to the heart 



TTitr 1—Case 1 Pteoperative and 2 month postoperative ppstei oanterior roentgeno- 
grams ^Tlm pr^perativf film shoes a slightly enlaiged heart eith a straight border and 
fon?estion of the lung loots The postoperatne film shows a retuin to normal. 





lnteraT;far^p?u.?.‘^ ^The^‘rnfe%rpX'‘S the" tuAior is grooved 
raive orifice. 
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vrn'i occludul, the left 'itrutm opeiitd, ‘ind the tumor removed (Pig 2) Ihere wri total 
interruption of tlio circulation for 3% minute^ Ventricular fibrillation occurred immedi 
at oh upon removal of tlio tumor Normal rhvtlim was restored onlv after 2 hours of 
cardine mn^’^ago and elevation of piticnt*** hodv tcinperature to 27'5® C Ihe patient’s 
rotdvor^ thereafter wu-< uninterrupted 

Iho patient’s postoperative course was compirativeh uneventful He was dis 
ch irgcd to convale^ctut care on the tvvenlv fourth dav, lie returntd to work as a steel con 
struetion worker " monlhs attor operation fvvcntv three months (April, 1057) after his 
iruti d opention lie was cntirch well 

Tho final pathologic report on the tumor removed was invxoma 

This patient lUustiatis \eiv well the piobleiiis of an intiacnuliac myxonn 
Tins IS the most common piiiiiai\ tiiiiioi of the hcait, aecoiinting foi one thud 
of tho icpoifed piinury tnrdnc neoplasms The maioiity of iiiysoinas oeeui 
in tho left atiiuni wheic thej aiise fioni the iini of the fossa ovalis m the 
intciatml septum They me usually pedunculated iiid may cause ball valve 
ohstiuttion of the miti il oiifice The icsult is a tlinical pictmo indistingmsh 
ihlo m most lespects fiom niiti il stenosis * '* ” 



PcaUites vhich suggest intnc.ivitivy tumoi instead of mitral stenosis 
arc (1) the absence of a histoiy of iheumatic fevoi, although initial stenosis 
■without identifiable iheumatic fevci in the past is not uncommon, (2) changes 
111 sjTnptoms and muiimirs with changes in position, (3) sjneope, (4) a rapid 
piogiession of svraptoms, and (5) marked failure of response to medieil thei 
apy “ None of these is diagnostic 

If tho tumoi oceiiis m the right atiiuiii, ohstiiietion to the tiieuspid vahe 
may occui In this event, one may find, the clinical features of tricuspid 
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disease and signs and symptoms of predominantly right-lieart failure. As 
such, they may closely resemble those of eonstrictivc pericarditis as one of 
Bahnson’s eases demonstrates.- 

The micioseopic picture (Fig. 3) shows a relativelj’' acellular structure of 
loose connective tissue. The cells vary in size and shape. Some question 
still remains whether cardiac m 3 'xomas are true tumor’s or organized thrombi. 
The predominant opinion presently favors neoplasm.-®’ 

A second case of left atrial nr 3 ’xoma is included here to illustrate several 
poirrts. In the first place, a chairge in the character of the murmurs and the 
oecuri’ence of peripheral arterial emboli hr the preseiree of a normal cardiac 
rhythm led to a presumptive diagnosis of atrial m 3 ’-xoma. Second, death 
from cerebral enrbolus occurred, emphasizing the extreme jeopai’dy in which 
srreh patients live. 



Fig-. 4 .—Cdse 2 Tlie film sliows cardiac enlaigeinent and congestive changes in the lungs. 

C.tSE 2.11 —The patient uas si 9-j'eai-old girl. Eleven months before her final admis¬ 
sion, she had had an appendiceal abscess drained. At that time she was found to have an 
enlaiged heart. Two months later, following an interval appendectomy, severe lecurrent 
nosebleeds and low-giade fever led to a provisional diagnosis of rheumatic fevei. Sali- 
eylatea ueie given and the patient transferred to the House of the Good Samaritan (pri¬ 
marily for childien with rheumatic fever). 

Three months before admission tlie patient had a cerebral embolus and an embolus to 
tho index finger of her left hand. There were also several episodes of abdominal pain. 
Several blood cultures were negative. It was noted that her heart was in regular rhythm. 
Tho patient responded poorly to anticoagulant therapy. At this time, atrial tumor was sus¬ 
pected. While airaiigements were being completed for angiocardiography in an effort to 
establish the diagnosis, a second majoi cerebral embolus occuiied fioin uhich the patient 
died (August, 1956), 
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Durj)!^ tlio L»)iir’'D uf t)>c jntitMl’H jllntss tlit t jnluu iminnurs eh in^jt I fnuii i short 
upiciil s\stolu murmur uiul litt itiustohc murmur with pris\sti)hc iiclluIu ilion, to a harsh 
Oruio 4 s\*?toho murmur \u I Gra Ic t tlinslolu rumlih Ifcr thest films (lig 4) over a 
7 montli ijeruxl of o))«« rvntion showoil t»lar/»tiueut of tJie In irt witli coufje* 

tivo chaugts in the Iuuks 

Autopsv tliscloscfi u gelatinous » cm mass (hig I) attached to hut not invading the 
kft atrial wall Iho tumor consi^teil mainh of loose fronds, and tumor emlmh irorc foun I 
III ihn braiu, ajdceii, and kuluovs The final diagnosis was mvxoma (lig 0) 



ripr *■—Case 2 The sclatinous m>x«mv Is attacticd to but not ln\ idtnfj the left atrlnl wall 



Ftf» 6—Case 2 Mj'xoma Microscopic appearance 
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The occurrence of tumor emboli from auricular myxomas has been fre- 
quentlj^ described; in fact, in one reported ease, the diagnosis of primary 
'heai’t tumor was made by pathologic study of the I’emoved peripheral em- 
bolusd^ 

Since sudden death from embolization, valvular occlusion, or conduction 
disturbance is common with cardiac neoplasms, diagnosis and treatment are 
matters of urgency. 

Our third case of primary tumor of the heart is that of a low-grade fibro¬ 
sarcoma of the right atrium. This tumor was excised successfully and the 
patient is free of disease one j-^ear later. 

Case 3.io The patient was a r-yeai-old schoolgirl. Her present illness began 4 
months before admission with a severe upper lespuatory infection, followed by recurrent 
bouts of fever. During the week befoie admission, pain and swelling of the epigastrium, 
anorexia, fatigue, dyspnea, precordial pain, and puffiness of the face were noted. 



Fig-. 7 .—Case 3. Posteroanterior roentgrenograni before and after pericardiocentesis. 


Physical examination, confirmed by x-ray studies (Fig. 7) on admission, was consistent 
with a sizeable pericardial effusion. On the second hospital day, a pericardiocentesis 
yielded 400 c.c. of frankl.v bloody fluid. Following this procedure the patient’s clinical 
state was greatly improved. Chest film (Fig. 7) showed the heart shadow to be almost nor¬ 
mal. During the ensuing 2 weeks, x-ray films demonstrated gradual reaccumulation of the 
pericardial fluid nfith increasing signs of pericardial tamponade. On the twenty-first hos¬ 
pital day, a second pericardial tap was done with the removal of 400 c.c. of bloody fluid. 
Cell block and cytologic examination of the fluid were reported negative for tumor, al¬ 
though atypical cells were noted. Clinical improvement again followed pericardial tap, 
but in the course of the ne.xt 10 days, signs of reaccumulation of fluid were apparent and 
the patient therefore was e.xplored (March S, 1956) -ndth the purpose of establishing the 
diagnosis and relieving the tamponade by pericardial-pleural drainage oi partial pericardi- 
ectomy, if need be. 
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The pericurdinl s;i<j wns found to ho diatended by a luodernto oiuounl of frankly 
bloody fluid. As the cxplorinpf flnger was passed over the anterior surface of the heart, a 
firm, nodular imwa about the sire of a walnut was encountered in tlie rofjion of the right 
.'itrial appendage. To visualiro this area )>etler, the t)wrncotomy incision was extended 
across the sternum. The mass involved the wall of the atrium in the cleft between the ap¬ 
pendage and t!io atrial wall. It was intramural, partly projecting outside the heart, and 
partly into tho right atrial en^ity. It was possible to free the tumor suflicicntly to apply 
curved Potts clamps bo ns to excise the tumor completely with a wedge of atrial wall (Fig. 
S). This could bo tlono wilho>it interruption of the circulation. Tho resulting defect in 
tho atrial wall was closed with fine silk, using a flap of atrinl appendage to close the gap. 
Tho child tolerated the procedure extremely well. 

Tho pntient’.s imuHslinto postoperative course was satisfactory and she wa.s discliargcd 
homo ou tho tliirtcentU hospital day. She ro-ontered tlie hospital 2 weeks later Avith an 
increasingly rapid pulse and increaseil venous pressure suggesting recurrent tamponade. 
Tho cardiac shadow by .x-ray was not particularly enlarged. Under tho circumstances, open 
exploration rather than needle aspiration was coasidored justified. The operative findings 
Avero puzzling in that there avus remarkably little pericardial fluid. Tho Itcart itself seemed 
to bo soincAvhat enlarged. There Avas no evidence of recurrent disea.se. A largo “Avindow” 
was left in tho pericardial sac. 



FJff. 8.—Ca.so 3. The d.-irk portion of the sarcoma projected into the pericardial sac, 
the llp-bter portion Into the atii.al cavity. The rim of atrial AvalJ crosses the tumor vertically 
in this photograph, 

Tho patient's recovery from tho second operation was uneveatful. One year later 
- (April, 19.>7), she Avas reported avcH Avifhout evidence of disease, 

A pioliminary pathologic report of rhalnlomyonia aa-us finally changed to “JoAv-grade 
fibrosarcoma.” 

Primaiy sarcomas of the heai-t arc as varialjle in histologic types as sar¬ 
comas elsewhere. Ifyxosarcoma, leiomyosarcoma, fibrosarcoma, angiosarcoma, 
r!iat)(lomyosareoma and lymplio.sarcoma have been reported,-^ Taken as a 
group tliey arc the second most common iirimary tnmors of tlic lieart, forming 
with myxomas tlie grcatc.st part of all primary cardiac tumors. Sarcomas 
may occur anywhere in tho lieart hut are most common on the right side and 
particularly in the right atrium. Hcmopericardium is common. Primary 
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malignancy as well as secondary malignancy should therefore be considered 
in the presence of grossly bloody pericardial effusion. Sarcomas are intramural, 
usually replacing the entire thickness of the heart wall and protruding on one 
or both surfaces.-®’ 

This patient did not have any of the commonly described disturbances in 
heart rhythm nor was the tumor large enough to distort the x-ray outline of 
the heart. 

The tumor was microscopicall 3 ’- a low-grade fibrosarcoma (Fig. 9). The 
cellularity varied in amount and tj’-pe but most of the cells appeared to be 
mature fibroblasts. The tumor invaded the atrial muscle in the peripheiy. 



Cardiac tumois have been extensiA’-elj^ reported in the world literature. 
The three most useful revicAvs of the subject are by Yater,®® in 1931, a com¬ 
prehensive monograph by iMahaim,^® in 1945, listing a bibliography of 1,298 
references, and an admirable elinieopathologie rcAueAV by Pritchard,^® in 1951. 
Wharton®® rcAdcAved primaiy malignant tumors of the heart in 1949. IMost of 
the cardiac tumors reported in the litei-ature are secondary, hoAvever. These 
metastatic lesions characteristieallj' manifest themselves bj^ the appearance 
of cardiac irregulaiitics in patients Avith ImoAvn pilmaiy malignanc.y elseAA^here 
and often Avidespread metastases.^' The differential diagnosis from primaiy 
cardiac neoplasms is readil.A’" made. 

As Steinbei’g and his associates®"’haA^e shoun, angioeardiographA^ of¬ 
fers a precise method of Adsualizing intracardiac tumors on the basis of Avhich 
careful preoperatiAm planning is possible. Beck® demonstrated this 15 years 
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ago in the e.ise oC jiii intiapeiicaidial, though c^tiaeavitary, tciatoiiia, which 
ho lescctcd successfully At that time lie suggested that atiial m>\omas might 
he lemovcd, citliiT by a closed suction method oc by open caidiotomy employ¬ 
ing a bypass tcchniipio. 

A number of attempts, many of them successful, to icmovc iiitr.ipeiicaidial 
tumois and cysts aiisiiig fiom the sin face of the hcait have been lepoitcd 
Oebaiier,''’ in 19-13, attempted to icmoicaii intiapciicaidial tciatoma D’Abieii,' 
in 1950, remnicd a hydatid eyst fiom the wall of the left ventiiele Hochherg 
and Robinson-- in the s.iitie year eveised a hemangioma of the peiicaidiimi in¬ 
volving tlie myoc.iidium. llaiitcr,’ in 1952, successfully lenioved a lobulated 
intiapeiieaidial lipoma aiisiiig fiom the left vciitiiciilar siiifacc Loiigiiio 
and Ifeehcr,-'' in 19,53, paitially icmoved a saicoma which arose fiom the light 
side of the hcait and filled the peiieaidium but the patient died Biekfoid, 
Kgan, and Biice” (19.5G) lopoit the icmoial of a mesenchjnial tumor fiom the 
lentiicuiar surface, and Dahlis, Peiice, and Rausoid* (1957) the successful 
eseisioii ot a large iiitiapciieaidial teiatoma 

Tho (list successful icmoial of an intra-.atiial myxoma was earned out by 
Crafooid,'"’ ■' in 1951, using cxtiaeoipoical eiieulation and caiefully compress¬ 
ing the initial oiifice and the left vcntnelc while the atrium was widely opened 
Ill 1955, Bigelow" ciicountcred a iaigc lett atual tumor during exploiation for 
mitinl stenosis. Rather than postpone icmoval of the tumor to a later opera¬ 
tion, as we elected to do, he proceeded to lower the patient’s body tompeiatuie 
by flooding tlic plcuial eaiity with cool s,aline "With tho oaidiac inflow <aiid 
outflow elam])ed, it was thou possible to icniovo the tumor through the open 
.atiiuiii His patient made an excellent recovciy. Our patient icpiesents the 
third successful leiiioval of an intt.i-atiial myxoma 

Piior to tho eases noted aboic theie haie been many attempts to remove 
intracai Italy tumois but ivithoiit final success Bahnson and Neivman' neatly 
succeeded, in 19,53, when they leinovcd the major poition of a right atiial 
myxoma only to haic the patient die 3 weeks later Death was asctibahle in 
pait to residual tumor The other iiiisuccessful attempts, many of them almost 
successful, aie included among the refei cnees cited ■' 

Diagnosis of piimaij- cardiac neoplasms ivill be made preoperatiiely in 
diiect piopoitiou to our awaieness of theii behavior. The knowledge that surgi¬ 
cal cure IS possible should inciease the encig.v with which these tumois are 
sought Once the diagnosis is established, some method of open operation is 
needed Almost ceitaiiily the use of an extiacoiporeal pump oxygenator will 
be the metliod of appioach in the near futuic, although hypothcimia is not 
without its value Blind and hiuiied attempts to icnioie such tumois aie not 
to be advocated, nlthough it must be icracmbeied that postponement is not 
without hazaid once the diagnosis has been made. 

suxnt Mix- 

Two successful excisions of piimaiy tumois of the hcait aie presented 
One, a myxoiiia of the left auiicle, was icmoved by caidiotomy under Iiypo- 
tbei mia. The other, a fibi osai coma of the light atiiuiii, xvas remox cd by paitial 
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auricular excision. A third patient, with a left atrial myxoma, died while 
awaiting studies. The characteristics and treatment of primary cardiac tumors 
are discussed. 
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Discussion 

DR I GUI RT H 1 ELL, Chicago Ill—I x\ish to congratiil itc Drs Scniincll mil Gnllo 
on, this xerx cvccllmt presentation and on their rtsiiUs Four \ears ago \ie 1ml tuo at 
tempts at one tumor of the heart i\ith unhappx results that taught ns considerable llius, 
the reason for this discussion 

(slide) 10 \car old bo^ \ias sent to us from down state with a diagnosis of possible 
rheumatic heart (list ise Pluoroscopj lisclosod a large, partialh calcified mass in a verx 
largo right atrium which swung back and forth into the entrincc of the right \entricle 
and back to tho h\ol of tiu inferior \ena ca\a Ln ler hypothermia, wo plaimel to close 
oft tho inflow tracts hut the inferior leiia cn\a was s© short and large that we behoved it 
inadiisabJe iho evamimng finger in tin right ntnuni felt a pedunculate I tumor about 
i inches long, which bobbt I back an<l forth into the right lentncle and back into the 
inferior \em\ cam It originated on the mtcritnal wall c)o-c to the tricuspid valve The 
stalk was smooth and approximateh 1 cm in diameter at its ba«o Ihc distal end of tho 
tumor was > cm in diameter an 1 of /Inn coiisistencv Wo consnUrtl it would bo a von 
easy thing to bring it into a blind pouch Ihe right veniriculir pressure was too high to 
iiso a well A small sterile rubber surgical glove was suture 1 to the right atrium As we 
wero opening tho atrium the heart stoppel mil we retreated Circulation was established 
by cariliao compression and tho blool pressure was maintainol for 3 divs witli Levophed 
Six months later wo went back in, put in another pouch and tin examining finger rcvcalel 
tho tumor to have grown considerahh in sire, it was ver\ friable ml portions separated 
oft tho original tumor, causing pulmonarv emboli 

(slido) Tho slide shows tho tumor close to the tricuspil valve on the atrial septal 
side, and it is lianging down into the right ventricle 

(slide) This slide shows some of the friable material broken off 
(slide) This photograph shows the pulmonary arterv an 1 lung with tumor in the pul 
monarv vascular tree, causing the sudden exitus on the table 

In retrospect, wo shoull Iiave mnlo a further attempt to remove the tumor at the 
first operation It was not friable and could have been removed then The second mistake 
was that we waitel 0 months to perform the •'ccond operation, however, wc did believe 
there were plenty of reasons for waiting 

DR WILLIANt A HOPKINS, Atlanta, Ga,—Dr Fell has just reported a tumor 
exactly like the one wc want to show The movement ot this tumor was s© fantastic b\ 

lluoroscopy that we obtained a cmefluorographic picture of this which I shall show you 

This was tho case of a 26 year old man who had symptoms of recurring dyspnea over 
several years, ho had also a persistent taehvcardia As soon as he was examined by x ray 
tho diagnosis was obvious that ho had a calcifiel tumor within the right auricle Its loca 
tion was exactly tho ‘»amo as tho one presented before I shoull like to show tho film 

(film) You can seo the movement of this calcified tumor Tho lower proyection of 

tho tumor as it prolapsed into the right ventricle is not shown as well in this film as in the 
next section This patient was prepared and operated on under hypothermia and the tumor 
was remove 1 successfully He recovered without complication As vou con «ee, the move 
ment withm tho heart is fantastic Ihis man had a persistent tachycardii, the rate rang 
mg from 110 to 120, and after surgery the rate returned to i normal level One could feel 
this tumor project forcefully against the right auricular wall, in di istole it would prolapse 
into the valvular area of tho right ventricle 
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DR. ROLLINS HANLON, St. Louis, Mo. I would like to compliment the essajdsts 
on their hue results in these two cases and to present one patient who illustrates several 
points which I think are relevant. 

(slide) Regarding the pathologic aspect of these “tumors,” they are, of course, tumors 
in the sense that they are masses within the heart, but it is my impression that many are 
not really neoplasms but simply organized clots. This is contrary to the prevailing opin¬ 
ion of pathologists as Dr. Grillo has mentioned. This slide shows a higher magnification of 
a lesion very similar to the one which he showed as a myxoma. This appears to us to be a 
thrombus, peculiarlj' organized because of the forces acting on it in the heart. 

(slide) This demonstrates the removal of a mass from the right atrium of a 63-year- 
old woman with signs of cardiac failure, unaccompanied by cardiac enlargement. Five 
years after onset of symptoms, the diagnosis was finally established by a variety of studies 
including angiocardiography. She was intensely cyanotic because the mass blocked the 
orifice of the tricuspid valve, causing a right-to-left shunt through an atrial septal defect. 
For several months before operation she had extremely low platelet counts with severe 
hemarthroses and other hemorrhagic manifestations. The relation of the thrombocytopenia 
to the “tumor” is of interest; we consider it possible that the intracardiac mass was built 
up by the agglomeration of platelets and other blood elements. 

The mass was removed bj' open atriotomy with the use of the DeWall pump-oxygena¬ 
tor as shown in this mo%de, cutting away its attachment to the rim of the inferior vena 
cava and closing the septal defect with interrupted sutures. The patient has done well in 
the 6 months since operation with prompt and sustained return of platelets to normal levels. 

DR. EDGAR P. MANNIN, JR., Manhasset, N. Y.—This very e.xcellent paper by Drs. 
Scannell and Grillo emphasizes the importance of establishing an early diagnosis in primary 
tumors of the heart, inasmuch as thej’ may now be successfully removed surgically. It 
might be of interest to I’ecall that up to 1955 only 13 in some 350 or more cases of pri¬ 
mary tumor of the heart had been diagnosed prior to death. We recently had occasion to 
see a rather unusual ease in a 42-year-old nurse who, for 14 months prior to death, had had 
a history of dyspnea and progressive heart failure without any previous etiological stigma 
of heart disease. She subsequently developed cj'anosis, clubbing of the fingers and toes 
and poljxythemia, and one month prior to death had a cerebrovascular accident. I saw 
her for the first time 2 weeks prior to death, at which time she had an enlarged right 
ventricle bj' x-ray, right ventricular hypertrophy in the electrocardiogram, and an absent 
pulmonic second sound. She was in intractable right heart failure. On the basis of these 
clinical data we assumed that she had either tetralogy of Fallot or pulmonary stenosis 
Tvith an atrial septal defect. I was unable to obtain an angiocardiogram because of her 
poor condition. She died without opertion. Autopsy was performed. 

(slide) This is the right ventricle greatly hypertrophied and dilated. Obstructing 
the outflow tract of the right ventricle, in the area of the pulmonary valve, is a huge 
rhabdomyosarcoma. This lesion was independently diagnosed by three different patholo¬ 
gists as being a rhabdomyosarcoma. 

(slide) Here j'ou see a close-up view of this tumor blocking the pulmonary valve, and 
the little slit on the side is the only point of egress for the blood to get out of the right 
ventricle into the pulmonary artery. 

(slide) This shows a small atrial septal defect, which I think explains why she had 
cyanosis. We believe that as the pressure rose in the right atrium secondary to right ven¬ 
tricular failure, the patient developed a right-to-left shunt and that the cyanosis was due 
to this defect plus, of course, the stagnant hypoxia secondary to right heart failure. 

Inasmuch as, at autopsy, there was no evidence of metastasis of this le.sion we be¬ 
lieve that had the diagnosis been established fairly early something constructive might 
have been done surgically for this patient. 
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DR L F\.li% Tolmintsburp, South Africa—Thank ^ou for allowing me to speak 
before >ou I should like to report one tumor from the Iionrt of a patient, ^Mthout using 
either hypothermia or an artificial pump 

Iho patient ^^as a woman aged 45 who showed all the signs of mitral stenosis SIan\ 
times difTerentiation is made betwetn mitral stenosis and iiuxoma, but I do not think any 
of the diagnostic points arc siilficicnt to make a firm diagnosis 

\.t operation the tumor wis e isilj fdt and it was evident that the pedicle was a 
fiirlv small one It was a soft gelatinous rnass^ and the slightest movement threatened to 
111 iko it move on in the blood stream It was obvious that tho only way to prevent it float 
ing oft would bo to put a fingtr into the left vtntritlc btvond the tumor purse string 
suture wa-^ therefore put into the, apex of the heart, it small incision was made and dilated 
with Ilegir’s dilitors until the iiukx finger of the other hand could be put into the ven 
tricle 

riic point litre is that the tumor was as large as the mitral orifice, which was twice 
the S170 of mv index finger htn tht pedicle had been cut through with the nail of the 
itrial linger, it w is ipiitc casv to push the tumor from the left ventricle into the left 
atrium, an«l is the itrial finger was withilriwn the tumor was pushed into the auricular 
hole I had to enlarge the hole in the left atrium a little, give n push and the tumor popped 
out In fact it popped out so suildenlv that wo lost about 20 c c of blood ify assistant 
clamped ind closed the hole in the loft auricle I removed the finger from the left ven 
tnclo uul iiulled tho purse string tight 

I think it IS i diagnostic point of the nitiire of the mvxoma that it should be so 
casih cut olT from the septum, it is an event that his taken surgeons unaware But, even 
if a Brock’s knife is U'-cd to detach tho tumor, the danger of emliolus is the same By this 
casv method, such disaster is avoided and the operation need not be abandoned I am told 
bv Logan that ho applies a kmfo to the mitral valve by tho same ventricular approach 

DR ROSS ROBEIll^ON’, \aucou\er, B C—Ihc paper of Dr Scannell and Dr Gnllo 
on pnmarv tumors of the heart lutorests me intenselv I presented a paper, similarly titled, 
before tho Pacific Coast ''urgic il '^ocietv in February of this rear It will appear in an 
early issue of the Amencan Journal of Surgerv 

Five pnmarv cardiac tumors, treated surgicnllv, were reported The pathologic diag 
noses wore teratoma, cylindroma, mesothelial sarcoma, lymphangioma, and myxoma Two 
of the patients are ipparenth cured, one was improved for several years, and 2 died post 
operatively Tho 2 survivors applv dirccth to tins discus-sjon 

(slide) Iho first vvas a 10 year old bov who complained of dyspnea on exertion Car 
diac X ravs showed a rounded area of densitv with calcification in tho anterior mediastinum, 
deeplv indenting the right atrium and displacing tho pulmonary artery and aorta, as in the 
cases describe 1 by Dr Dabbs yesterday 

(slide) Removal of the tumor was difhcult because of its close attachment to the aorta 
It received a small branch from the right coronary artery Pathologic diagnosis Cystic 
h mphangioma 

(slide) This patient was explored for mitral stenosis A myxoma was found in tho 
left auricle The mitral valve was normal The wound was closed and a second opera 
tioii was planned In retrospect, there were some elements in the histon, as described by 
Dr Gnllo, which pointed to the correct diagnosis 

(slide) At tho second operation, under hvpothermia, the venae cavae were taped, 
tho descending aorta was clamped and the coronary arteries were perfuse 1 with oxygenated 
blood through a cannula in the internal mammary artery, a method similar to that of Dr 
Maloney The tumor, the size of a golf ball, was removed in two pieces It was attached 
to the auricular septum Jno residual tumor could be «een 

(slide) Tho patient lias made an excellent recovery, as shown in this postoperative 
chest film 
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(slide) Koutiiie sections showed myxomatous tissue containing many hemorrhagic 

areas. 

(slide) Because the hemorrhagic areas simulated to some extent the early organiza¬ 
tion of tlie thrombus, our pathologist examined a number of thrombi, both human and ex¬ 
perimental, for comparison. In sections stained with colloidal iron, the tumor was strongly 
positive for acid mucopoh'Saccharides, as shown here. The controls were negative. 

DE. J. GOEDON SCANNELL, Boston, Mass. (Closing).—I should like to thank veiy 
much those who have discussed the paper. I must say that the cineradiographic pictures 
of an intracardiac tumor in action are most dramatic and not a little alarming. The patho¬ 
logic considerations that Dr. Hanlon has brought up are very interesting. We have dis¬ 
cussed the matter at length with the members of our department of pathology and have 
accepted their considered opinion that these probably represent tumors although certainly 
the idea that thej' may represent organized thrombi is well rooted in the literature. As you 
know, many of these were originally called polyps of the heart. 

In closing, I would like to emphasize one point in particular. In most cases of 
myxoma of the heart, the diagnosis is going to be made in the course of an operation for 
mitral stenosis. Ideallj', the surgeon should proceed at this time with open operation and 
removal of the tumor. If he is not in a position to do this, whether bj" cardiac bypass or 
hypothermia, then it is our conviction that it would be better to postpone final attack upon 
the tumor to another day. Admittedly, this is a calculated risk, but at the present stage of 
affairs, we believe it is a justified one. 



VENTRICULOPLASTY' FOR CARDIAC ANEURYSM 
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PniLXD>n>Hn, Px 

C ardiac antmjsm iiMully inxohcs the left xentiiele and comnionly is 
assouitcd xxitli ceitani phjsiologic and clinital featuies xvhioh bodt ill 
xxith lespect to the iiationt’s xxcllaic and longevitx Etiologicallx xentiiculai 
aucuijams iie oC thice tjpcs (1) those due to congenital niilfoimation— 
often dcsciibed iindci the teiiu “divtitieuluin,” (2) those resulting from 
tiauma (noxxadajs iisinllj piodiiced by cndne snigeix), m xvhich case the 
sac usually is foinied bj ccitain cstiacaidiac stiiictuics, especially the peii- 
caidium (lalse aneuixsni), and (!) those itsiilting fioiii xxeakening and 
bulging of a lelatixclx localized aica of mxonialaeia ot the heart xvall These 
latter most often lesult fioiii acute iiijoeauliil infaiction Iloxxex'ei, localized 
foiins of syphilis,* " tube i (.ulinis tastatioii'* nonspLCific iiiediastiinl abscess,■* 
and even the anomalous oiigin of a toioiniy aiteij fiom the pulmoiiaiy 
aitci}-' haxe bton indicted as e lusitixc of xentiicuhi aiicui jsm 

The actual incidenoo of ancuiysm foiniation folloning myocaidial infaie 
tioii is subject to considetable dispute, xaiious authois placing it as loxv as 5 
per cent,” xvliile otheis eonsidei the latc of dexclopment of this complication 
to bo of the 01 del of 20 pei cent' The xvoild liteiaturo gcneially establishes 
It at about 10 pei cent’ ” Pait of this eontioxeisy devolves about the 
ciiteiia of definition, some-' ** consideiing that any enlaigcment of the ven 
tucular lumen due to a localized cncioachmcnt upon the thickness of the 
ventriculai xvall constitutes an ancuiysm Otheis lestiiet the teini to those 
giossei defoimatioiis of the hoait xxdiieh pioduee an obvious outxvaid bulging 
of the ventriculai outline (Fig 1) Nntuially these lattei lesions aie charac 
teiized by a more seveie physiologic abnoimality and by a iiioie lapidly pro 
gi essix e doxx nxvard clinical course 

AVhethei the incidence finallv be established at 5 or 20 pei cent, the high 
cuiiont rate of occuiience of acute myocaidial iiifaiction xvliicli is estimated 
vaiiously by llastei'' at 500,000 to 800,000 pei yeai in the United States sug 
gLSts that betxvoeii 25,000 and 160,000 iicxv cases of veiitiieulai aneuiysm 
develop annually in this one coiiiitrv Since the study of Schlictei, Hellei 
stein, and Katz” places the axeiagc life span (xuth inxalidisin) folloixing the 
appcaianee of aiioiuxsm at somexvhat ovci 2 yeais, theie should be at least 
txviee as many ot these jiatients alix o at any gixmn moment The inisei iblc 
and piogiossix olj doxx nhill coiiise xx Inch most ot them manifest xx itli consei x atix e 
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management suggests that evciy effort should be made to improve the medical 
and surgical armamentarium available for the treatment of this disease. It is 
the purpose of the authors to show that an effective and generally satisfactoiy 
method of siirgical attack for this condition now exists. To date, 9 patients with 
ventricular aneurysm have been operated by us, and 8 have survived in a much 
improved condition. 



Fig 1—PA and oblique roentgenogiams obtained from J. L, a patient ^^lth huge indis¬ 
putable left vontiiculai (postinfarctional) anouij'sm 


CONGENITAL DIVEKTICULUJI OE THE VENTKICLE 

This condition would seem to qualify by all logical criteria as a ventricular 
aneurysm. It exists at birtli as a muscular outpouching usually of the left, but 
occasionally of the right ventricle, or even of both. Since there usually is free 
luminal communication with the indicated ventricle the latter type of lesion 
(open to both ventricles) may permit a physiologic shunt of blood at this 
level. Other than this relatively I’are communicating lesion there characteris¬ 
tically is no physiologic abnormality associated with a congenital ventricular 
diverticulum since the muscular walls are continuous with and contract 
synchronou.s]y with the ventricles 

The chief danger in these cases is that the abnormal muscular outpouching 
eventually undergoes rupture with resulting fatality. The total (although 
limited) world experience with this uncommon lesion indicates that it is best 
treated by surgical excision at an early age.*'^"^'’ An illustrative report of a 
personal case follows. 

Cass 1.—Iv. AV. (Hospital No. 54 01397), a 7-ilay-old -vilute leiaale infant, \sab admitted 
to tlio pcdiatiic seivice of tlic Hahneiiiaim Hospital in Philadelphia on Eeb. 4, 1954. Ilei 
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ooniphints ntio tliovo of a fcetlnif; (li0icult\ hut it hail bcca imticul tint tlicro an al) 
normal, obliqnth directed mass m tho opi^istric region niucli imisated s)nchronouslj -nith 
tliL cardiac contractions (Pig J) Iho ovtH^ing skm nas tlim md nbnorniil, suggesting 
i tcntril defeet of union of the 1 odil> segments Viigiotardiogi iph> slioued a communication 
hetwo^-u the left ^entnc!e and nu vhnormil blood containing chamber Tho diagnosis of 
(ongenitil diverticulum of the ventricle i\ is iiiado and operation was earned out on. Peb 11, 
IDoi Tho mass was dissected free of the ovcrhing abnormal skin and adjacent fibromuscular 
tissues It w IS found to bo covered with an txtmsiou of the pencirdial sac and to lo dircctlj 
continuous with tho apex of tin 1 cart There was iio opening into citlur tho peritoneal or 
pUuril ewitics The ipparcut Mte of jwnetiou of the miss viith the ventricle was cross 
tlanipcd with a turved pair of I’otta multiple tootlied forceps Tlio miss continued visiblj 
to contrict in sjnelironisui with tho ventricle** 

Iho divirtieulum was aniputatcil along a line 5 mni distil to the clamp (Pig 3) and 
tin cut end w is ovirseiin using one row of continuous mattress sutures of 3 0 cotton with a 
swedged on curved needle Pree luimmil eommuntc etion was elcmonstrable A scconel miming 
suture was used to toniplotc the repair IJie clamp was ri moved and the abdominal wall was 
closed inatoniicallv 

The postoperative i ourso w is uneventful and the infant w is discharged from the hospi 
tal in good condition 


'IIIVUMVTIC \NrUR\SVf 01 THF VFNTKICIF 

Accidental miunes, paitieularh those of a gunshot oi stab nound tjpc, mai 
ho counted upon to oicate an oceisional anenosm of tho ^entlIenIal wall How 
Old, the lapidli ineieasing incidence of suigical ientuculotomies (iiitli a 
ceitim poiecntago of pool healing) piomiscs a considciabh laigei hai^cst of 
\enttieulai ancunsms of tiaiimatio oiigiii in tho neai futiiie Piobahh onh 
the fact that most lentiioulotoiiiics aic made into tho lelatnely Ion tensioned 
light sentiiele piescnts tho i ite of aiicuijsiu dt\olopment from being stiik 
ingly high Brock-* Ins mentioned this ns i complication of pulmonim 
snhulotoms ind infundibulcetomy Indubitably, meticulous csie in tho 
pcrfoimauec of the scntiiculai lepaii will tend to leduce the mtidenco of the 
complication This is cspecnlly peitment with respect to the Iirger \en- 
tnculotomies such as aie oiiiplojed in cuiicnt “open hciit” techniques 

UndoubtedI}, the fiist step in the mechanism of itc^clopniuit ol such an 
aneurjsm is a paitnl dehiscence of the dccpci Imeis ol the iinoeaidnl hut 
of closure In many instances, this may be due to faihiie 1<> ipposc aeeurafi 
the innoi aspect of the lips of the incision, peihaps due to m '’PPB the 

sutuies deeply enough Tims, a site foi bcginiinig di'snP'’'' "• "einicl siir 
faces IS pionded This mechanism would seem to be the <e erminatui cause 
m both cases of traumatic anoiuvsni which sic cited m t Picscnfatioii Jn 

each, a lelatn oly small left lentiienlai wound ms ek’sn ripu j wii'i siir/u^ 

appioMimting sntuies, the smallness of the 'sntrnii ir opi ning iiunnticr 
ceitainty of inclusion of endocirdnl tissue within t n i o th>' iikIivk’.. 
sutuies 

Othei factois, raoio difTiciiIt to assn iiuhidi nut ibolie (led, i, ,iuts.br--- 
tension within the seiitiieiilii ehviihei hipopruieimnui unet set- 
speeific and nonspecific degcnciatuediwa'e'Oi flu ii'aaari iim 

It would seem piohaWe (hit a /aainnuJT d's-Mrdon of ,c ca-A*' ' 
would lequne at least seienl da'a> tor eo-ip “'on, t iiis , _ 
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Fig, 2.- 
gastric mass 
delphla, 1955, 


, c • tr w showing obliaucly directed pulsating epi- 

rnd afno?l^.af un? 0 f' sWn'fuii^r® (kiley. S.frgo.y of tl.e Heart, ed. 1. Phila- 
Lea & Febiger, p. 408.) 
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I 

iiilhesions to (Io\e!oi> b*t'\ot.n the Miriai.i oi the hurt ami Iho o\erhin!; pori- 
eardium (whoii it Iven rv-cin'-tnu'icil s or other eontimtotij. jtr'l.icajdiae ^ur- 
ir.ee (raedi.i<-tinal tissues stcnnim, lun", cte.l Further dissootiou ami vtretch- 
inu of these .tpposeei adherent tivsm-^ tvil! -irTe to create a sizable aneur\sinal 
s’c of false type. In most instances this will conimnmcate rrith the left \en- 
trieular Inmcn by a relatively narrotv transnmral channel. Soaietinies the com¬ 
munication may I'e multiple, as in the Spst of onr persona! e.'ses tCas? 
Whether any or mneh thrombosis will detelop within sneh a fabe .tneurysmal s’o 
depends upon the size of the jnnetional pas-ace and upon the freedom of blooti 
incress and ecress dnrinc each eardi.’e eyelo. In C.'’se 2, as soon as the evplorinc 
lincer tip ivas anplietl iit sneh a way rs to block hlootl flow- tlvrouch the hreer 
of the two luminal eommunieations thus creatly redtieinc the amount of ebb-and- 
ilow. the liquid blood content of the sac promptly I'ocame eoacniatetl twi'hin 4 
minutes). 

Such fa'sc aneurysms of Iranmaiie oricin ma> be presumed to superimpose 
some additional pbysiolocie burvlen upon the left \entnele, since the semi- 
elastie aneurysm visibly Keomes distendetl dtirinc systole and tends to eol'apse 
partially durinc di.tstole. In other woi>l'. a certain amount of paradoxical func¬ 
tion IS imposctl upon the left \tmricle thus rediieinc the Citieiency of its cross 
stroke output. Howeter, because of the usual small size of the communicatinc 
transinural passage the elToetite loss of output eharacteristieally is not creat 
and can be borne for .a oon.sidcrable period of rime. Ilowotor. one of our 2 
patients (E 15. Case -1) exhibited signs and symptoius of serious lowering of 
mvocardial reserve at the time of secondary surgery. 

Should massive or obliterative thrombosis rednee the aneurysmal lumen 
the eifeet would be to dimiuisli the amount of the paradox and thus to lessen 
the physiologic burvien Complete cure by such a mechanism is not moon 
ceivable although prestmiably if is iinprol'able The likelihood of arterial em- 
Ixilization. due to extension of the thromKvtie process into the ventricular lumen 
or to detachment of a loose frvement from the sae. would seem to be small m 
these cases again bec.ause of the usual narrowness of the traiismural channel 

Indeed the greatest imzanls to the patient with traumatic (false) aiieutysm 
of the ventnde would seem to be the twin prolvibilities of continued growth of 
the sac (causing pressure symptoms! and its tendency to eventual rupture The 
likelihood and imminence of such developments would seem to bo dependent 
upon the tightness of the restricting adhesions, the tensile strength of the 
tissues making up the false sae. the size of the veiitrieiilar oommniiieation, and 
the lev el of infravcntricidar pressure during systole ~ 

Case 2.—G F. Xo. o5-10b2-}l. ■% 31 jxnr-oM Tvhito ’ ou'«!vife ntlmittfsi to 

the Hahasnaan Ho'pitnl la Philadelphia on Sept 1«33, for invo^turttioa of nn nbaonanl 
shadow fiTiceat uj'on the left cnrdinc I'order Th«: bnd '•hcrtlv ni’er n antral coai 

aus 5 arorc 2 iv had lieen atten^pted nt n3ot'’er clinic 4 ai03th> pr»'noa'h. Oa t^nt ocenMoa 
(iTar S, 1955), the wall of the left ventricle inndvortenth hid Iven pe’^ortted from Tvitbin 
br the index 5n*^r of the openatin:; •‘Arceoa. Tlua hnd re'Uped la nn^Mve PochI Io'sj- n"d 
the onset of veatneaHr abnllatioa. Thv* nitcmpt nt comnii-ssurotoair teraiimtevl promptlv. 
ha>ty satare repair of the laceration vrn>» enmod out, nad tic *'cnrt Tm> dedbrillated ^^rx'cevs, 
xnllT inth e’ectne coanter'hock. 
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The postoperaHve couise 1 ^as stormj ljut finally the patient was discliaiged in good 
condition nith clinical relief of the sjnnptoms caused bj the initial obstruction. How¬ 
ever, in August, 1955, an abnoimal bulging shadow was obsened along the left caidiac bordei 
(Fig. 4, A and B). In riew of tlie histoiy it was suspected that this might be a ventiicular 
aneuiysm. Duiing the next few weeks the shadow was seen ladiogiaphicalh to increase in 
size, and the patient began to complain of preeoidial discomfoit. 



A. B. 

Pig 4.— A, PA roentgenogram of G. F. (Case 2) taken pnor to fiist commissurotomy 
attempt. 

B, PA roentgenogram of G P. taken a few weeks after inatl\ertent laceration of the 
left lentricle The abnormal sliadow was suspected of being a ventiicular aneurysm. 

(Smith and associates. Surgery 42- 497, 1957 ) 

The patient had a normal sinus rhythm, a sliaip fiist sound at the apex, and a mid late 
lumblLng diastolic muimur. The pulmonary second sound was accentuated. 

The electrocardiogram showed an elevation of the S T segment in Leads I, A’iTl, and 
A^'L. Tlieie was ST segment depression in Leads II, III, AVF, and Vi through Vc. The 
T wave was inverted in Leads I and ATL. The tiaeings weie consideied suggestive of damage 
to the high lateral wall of the left ventricle. 

The x-iay investigation included kymographie studies which indicated pulsations in the 
mass of 10 mm. amplitude and these vveie paradoxical to ventiiculai sj stole. Cardioangi- 
ography23-2s was carried out by direct puncture of the left atrium, demonstrating a narrow 
communication between the left ventricle and an opacified cavity within the “bulge.” The 
diagnosis of veiitriculai aneurysm of false tv^pe was deemed confiimed. 

At operation on Sept. 27, 1955, the mass was seen to be contained within and to be 
formed by a greatly thickened and adheient pericaidium. A purse string suture was placed 
about a selected site ovei the fundus of the sac, and the operator’s ungloved left index finger 
was inserted through a stab wound made within its confines. The sac was found to be free 
of clot and to communicate with the left ventricular lumen by two apeituies separated by a 
few millimeters of ventricular wall from each of which a jet of blood emerged with ventricular 
systole. 


A. 





FIf?. 5—4, DHgrainmatlr representation of methotl UiRitally examining interior of 
pvr>udoaneurjsm in G. F TJiere ■i%ere two openings Into the left ventricle from each of which 
a jet of blood could be felt to emerge with each \entricular systole 

Jj, The flexible aneurysmal wall was sutured down upon the lower opening In order to 
block it temporarily. 

C, Using the tip of the Intra-aneurysmal Anger, the upper opening was tamponaded 
while the sac was opened widely. Then this transventricular passage was closed definitively 
by passing suturing needles under the finger tip, as shown. 

(Smith and associates. Surgery 42: 5Q0-501, 1957.) 
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Tlio exploring finger tip was applied over the lower (laiger) opening, blocking its jet. 
Within a few moments the blood within the sae became coagulated. Temporary sutures of 
silk were applied between the wall of the sae and the myocardial surface surrounding the 
lower opening. When they ueie tied down, the opening became blocked in e.xactly the same 
way that an atrial septal defect is closed by suture approximation of its maigins to the over- 

lying atrial wall (atrioseptopexy).i!u-33 

Now the upper opening was tamponaded with the fingei tip and the lemaining lumen 
of the sac ^\as opened boldly. Deep approximating mattress sutures, s\\edged on curved 
needles, wore applied beneath tlic fingci tip to close this ventricular apeituie definitively. The 
temporaly sutures blocking the lower opening were cut away, and this remaining passage 
was tamponaded digitally. It was sutured then in the same manner as the first (Fig. 5, A, B, 
G). After repairing the ventricular wall, the mitral valve was explored through an opening 
made in the appendageal stump and an area of fusion found in the region of the anterior 
commissure was sectioned vitlr the guillotine knife. Eoeoveiy was uneventful and the patient 
has remained well to date. 



A. B. 

Fif? 6.— A, PA roentgenogram taken on E. S. (Case 3) prior to surgery. 

/>’, Maiked abnormality of caidiac outline in K S. obser\ed one year aftei aortic 
surgery. (Smith and associates, Surgery, 42: 503, 1957.) 

Case 3.— E. S. (Hospital No. 55-14112), a 38-ycar-old white woman, was operated uporr 
at the Hahnemann Hospital in Philadelphia on Nov. 30, 1953, for combined nritral arrd aortic 
stenosis, having the then available tr ansventricular instrumental approach used for the latter- 
valve. Eecovery seemed satisfactory and the jratient remained in apparent good health urrtil 
she was involved in an auto accident in July, 1955. 

Shortly thereafter she developed atrial fibrillation. X-ray studies at that time showed 
an abnormal bulge over the left border of the cardiac silhouette. In retrospect, it was de¬ 
cided that a similar but smaller shadow had existed in an early postoperative film (Pig. 6, 
A and B). 

During the next 3 nronth.s, the bulge increased in size and the patient began to suffer 
fronr frequerrt attacks of paroxysmal nocturnal dyspnea. She vas re-adriritted to the Hahno- 
mann Hospital orr Dec. G, 1955, vith a diagnosis of left ventricular aneurysm. 

Clinical and physiologic studies revealed a harsh systolic murmur and an early blowing 
diastolic murmur in the aortic area, arrd a sharp first sound at the apc.x (but no mid-late 
diastolic murmur). The electrocardiogram showed T-wave inversiorr in Leads I and AVL 
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of «l;uiia{;o lil«li on (In* latoral wall of tlic loft \ontriclo. Tlio left \on- 

trjoular pn-nsuro was 110/10 rum. Iltr, tiro loft atriiil (moutO pro'*Miio was 1^,1 mm. U^, niul tUo 
aorlio prosstiro was It was f«*lt limt mitm! stonosN oxisio<l, hut that no serioiH oh- 

'tnu'tiorr o\istotl t»t the aorlio hnol. 

CnnlroaiiKiojjrapliy hy fllroct loft atrial puiiotiiro -liowotl an ahnormal cavity couimtrnicnt- 
nii; with the loft ventricular chamhor. 

At operation on Doc. ItJ. lU.m, an oxonl cvparisilo (|mtsalin;j) nin«;s tho siro of a lemon 
wa-v ««s.'n to arise fr<4u\ the loft ventricle in tho roj^ion «f tho ])ro\5ouH operative intervention. 
It lay iMuioalh and was largely rntiiposoil of tlnVhoiuMl j>orioardluin. Tho operator's ungloved 
left index fiuucr vvas inverted into iU ivimeu thr<mgi» n juitve-stringed stnh wound ns in Case 
1’. .V ‘‘inglo enminunjeatinn into the venlriole vvas rcoognirod. It was taniponaded with the 



loiniriat clottine is corninon. 

II. Ilcprtntation of llio tiiIn-vvallo«| narrow-ncckctl nnourj.stu wliicli Is characteristic 
of 1110*10 wliicli ilcvoiop l.ito In III'' eoiifso of hcitinir of an Infarolod .ire i or as tl>e rcmiit 
of a seconilno' infarction. TIirnmfiosN Is usuil wltliin this tvpe of s»c. 

finger tip, the ‘■ae was cut away, and the ventricular wall dc>fect was cloved with mattress 
sutures. Tho mitral valve was rc-expl«rcd through an incivion made in tin* vtuinp of the left 
auricular appendage. The v.alvo would admit hut a finger and therefore was vei-tionod at both 
«'onmiissures. Iteiovery was unevontfid. 

rOSTIXI’ARCTIONAD ANEURYSMS 

This f^roup coiiipnsc.s by far the eoiiimoiirst and most important of tliosc 
lesions. T’o date, wc have operated iipon (i such patients with 5 long-term 
survivals, including tlic first historically to recover from exei.sioii of a ven¬ 
tricular anoury.sm. This ease has been reported elsewhere’* and the operativa 
teehnique has been de.serihcd under the verj' appropriate term of “ veiiti-iculo- 
plasty.’”* Tho abnormality in these casc.s varies from a relatively di 
bulging of a portion of the ventricular wall to a thin-walled, poiiohlik 
halloonlike structure which communicates with the ventricle b 
neck (Fig. 7, A and B). The former type is the one which develo 
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stages of a myocardial infarction, and is characterized bj'' the presence of 
mnscular elements in its relativelj’- thick wall. The latter tj’pe is a product 
of the later or chronic stages of a myocardial infarction and is composed chiefly 
of scar tissue. In either ease, the sac may contain clotted material which some¬ 
times becomes calcified. Sehlicter, Hellerstein, and Katz^ found thrombosis in 
over 50 per cent of their series. This was associated with a 35 per cent inci¬ 
dence of thromboembolic episodes. 

The commonest site of localization is the anterolateral aspect of the left 
ventricle with involvement of the apex in OAmr 50 per cent of the cases. The 
next most common is the posterodiaphragmatic surface (about 25 per cent). 
Aneurysmal bulge of the septum is less frequent. The right ventricle is least 
often involved. Effective treatment of the septal type of lesion would seem 
to require an open technique with a cardiopulmonary bypass for a proper re¬ 
pair. In this connection, it may be noted that both Cooley^® and EfiHer’® have 
sutured an acquired defect of the interventricular septum caused by rupture 
following infarction. 

The localization and configurations in our 6 eases were as follows; 2 
anterolateral with diffuse bulging including the apex, one localized lateral near 
the atrioventricular groove, one posterodiaphragmatic, and one huge diffuse 
lateral mass. There was one double sac with anterolateral and apical bulges. 

PATHOPHYSIOLOGY 

Due to the semielastic structure of the sac, it becomes stretched out at the 
height of systole (paradoxical pulsation). The ventricular contraction must 
raise-the intraluminal tension of the sac above the level of the aortic diastolic 
pressure before ejection can take place. Thus, the dysfruiction partakes of that 
found in mitral regurgitation, a portion of the ventricular content being 
“wasted” during each beat in distending the abnormal chamber rather than being 
expelled into the aorta. During the diastolic period, the semielastic sac empties 
much of its content into the left ventricle; impeding filling from the left atrium. 
In this respect, the abnormal physiology resembles that of aortic regurgitation. 

As a result of this functional inefficiency, the left ventricle is overworked 
and gradually undergoes compensatory dilatation and hypertrophy. This very 
enlargement, as Burch and co-workers^‘ have shown mathematically, greatly 
enhances the mechanical handicap. Furthermore, it would seem that the balloon¬ 
ing and outpouching of the aneurj^sm may exercise a stretching effect upon the 
adjacent portions of the myocardium during systole, thus contributing to an 
abnormal and relativel}' ineffective type of ventricular contraction. 

PROGNOSIS 

While some aneurysms of the ventricle maj’’ be silent and, for a time, pass 
unnoticed clinically, this is true in less than half the eases. In them, the un¬ 
expected onset of arterial embolism may be the first indication of the presence 
of the lesion. In most eases, the pain of coronary insufficiency persists after 
the infarction, heart failure develops, and embolic issue or sudden death may 
punctuate the picture. Sehlicter and associates^ in their study of 102 patients 
reported a 70 per cent incidence of heart failure, this being tlie main cause of 
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dentil ill t.S.l per cent. Embolism occurred in 155 per cent and wa.s tlie main cause 
oC dcutli in 21.7 per cent. Three fourths of their patients died within .‘! 
yeai-s, and 88 Jier cent within 5 years. Actual rnptnrc of the aneuiysm is 
rare.’’prohahly hecause death occurs from some other cause hoforc 
the dilatation and thinninf; of the sae heeomes extreme. This ontloolc is dismal 
in contrast to the average life span of more than 12 years and to the flO per cent 
of complete i-chahilitation to be expected after nneomplicated myocardial in¬ 
farction.”- *''• "• 

ni.K'.NOsis 

While certain physical si>rns and certain electrocardiographic findings” 
are considered .suggestive of the presence of a ventricular aneurysm, it is our 
l elief that the best and most reliable diagnostic means are radiologic. These 
include the elassie. (luoroscopie findings (paradoxical pulsating ma.ss on the 
border of the eardiae shadow), simph’ radiograi>hic ilisclosure of a suggestive 



8.__y]v op.iciflfntlon trehnityuos It often I? to tlemon^trato tiu' yiroscnce nml nnioiint 

of tl^rolnl»os^^ which exists within n \cntrlcular nneurysm. (Sjiruf' cast* ns Fip, 1.) 


bulge upon the cardiac contour, and rocntgenkymograidiy. However, it appears 
that radiographic identification of the opacified left ventricle, preferably by 
direct left intra-atrial or left intraventricular injection (ventriculography)”'” 
is the surest method of e.stahlishing the diagnosis (Pigs. 8 and 9). By thc.so 
tcelndtpics, not only the exact anatomic localization of the ma.ss hut also the 
extent and type of involvement and the presence or absence of massive intra¬ 
luminal thrombosis may ho e.stahlished. The diagnosis of ventricular aneurysm 
was confirmed in this manner in all hut Case 4, in which it seemed evident enough 
hi' ordinary radiographic examination. 

SImo'ir.\n tiie.\t.iikxt 

fn each of our cases, this amounted siin])ly to a subtotal resection of the 
aneurysm without the use of a eai-diopulmonary h 3 'pass, enough of the mixed 
muscular and fibrosed ha.sal tis.sue of the sear of healing being preserved to 
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A. 



B. 

Fiff. 8.—Demonstration of a postinfarctional atveurysm later corrected by ventriculoplasty 
in S. G., a -ll-year-old white man. A, PA roentgenogram showing nondescript shadow along 
left ventricular border. 

B, Opacification of left ventricle by direct ventricular injection shows an unusual 
communicating shallow with a flattened top. 
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licrmil leconstiiietioii of n \(iitrieHlitr cliiimbci of approximatch the noimal si/o 
and shape foi the paiticulnr indnidna) Ifcnce, the tcim “\cntiictiloplast^ ” 
Honcvei, these simple stitomenls tompitss ,i "icat inanv technical details and 
the u'snlts of considerable clinical, plnsiologic, and cxpciimental msostifration 
nliicli ha\c not sot been dissiininalid widch to the piofession That this intoi- 
matinn may be snvsiialls nnpoit.int is siigRostcd hj the fact that s\c aie anare 
ot onl\ 2 loiiKtuni siirsuals aiiioiifr a luinihci of icsectioiis for scntiiciilai 
anciirssm nhich base been poilmiiud h\ othci thoiacic snigeons throughout 
thcssoild Indeed sonic sin goons ln\c chosen to cain out sonic t\pc of ontold 
Ill" 01 plicating opci.ilion upon the ssall of the sac" nthci than to iindertaKc 
the picsiinicd gicat risk of icsci tion •' " 

B\ noid of mouth, no base been infoiiiud that the ciiiscs of death in these 
clinical cases laigch ln\c hi on ol t«o tsiics (1) Aitcinl ciiiholir ition occiii 
ling at the tunc of opci ition Oiii o«ii single moitalits s\as caused bj gioss 
cmboli/ation at the moment ol lompussion of the Inse of the ineuissmsl sac 
in a piticnt ulio uas kiiouii (sii Pig 8) to base had misMse clotting uitliin 
the sac Since tint tunc, we base woiktd out a simple and piactieablc method 
for the asoidancc ot tins coinplicstion (2) Coiigcstne hciit failme dining the 
weeks 01 months immcdiateb following the opciatne intciicntion kVhile manv 
of these patients mas Inse btiii in .i slate of incomiiletcls roliescd congcslise 
failiiic it the time of opciation, oiii cspciiente to d ifo has indicated’'’ ” that 
iminediate impiosemont is to he expected in this lespoct following rcmosal of 
the sescrc phssiologic handicap imposed hs the functional existence of the pai i 
doxicalls exp insilc miss Tiiie, in soiiii piogiession oi a loituitons oxacciha 
tion of the iindeilsnig aitiriil oi msocaidial disease might base lontiihiifcd to 
a lontinii ition of the dowiiwaid ionise Ifowesci, it is oiii belief that in mans 
cases the hcait failuio must ho attiihiilcd to a techini il eiioi on the suigcoiis 
pint It mas he that inadseitenth he his iiicliiilid one oi mole impoitanl 
coroii.iis aileiial Inancliis within the siitiiie line, thus aggiasating the existing 
msociidial ischciina TIowcsci, it is iiioic piohahlo tint his surgical sm has 
been that ot exccssise icmosal of seiitimilai s\ ill tissue ssith ioiiseqiieiit seseio 
icdiietion in the sire of the loft scntiuiilai casits' 

This mas seem to be i ratliti siiipiising statement since most phssiciaiis 
tcel that the caidiac clianibeis aie capable of piompt and cxtensiso eompeiisatois 
dilatation AVhilo this iindoiihtcills is tiiic iindei ecitain clinical coiiditioiLs, it 
appeii's dehnitels to he iintiuc with icspcct to siiigical icsecion of the seiitiicii 
lav ssal! This ssas bioiight home to ns bs the lesiilts of an experimental studs 
of the troatiiieiit of acute msocaidial iiifaiction bv excision as suggested bv 
Jliinas 

rxPERisifXTSn sirTiion 

Tennant and AViggeis” noted that the acutcls’ infaicted .irea of the heait 
svould heat paiadoxicallj lluiias,’' in his iioss classical aiticle, demonstiated 
that the aici could bo lesceted with siiisisal This acute method of pioduenig 
a paradoxicalls beating irea in the heait led us to lepioduee those cxpeiiments 
US an attempt to solso the pioblcnis attendant upon the lesection of sentriculai 
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aneurysms. Tliey also led to an interesting observation on the animals Avhen 
large areas of acutely infarcted muscle were removed, which was in contrast to 
the previous work. 



r'ig-. 10. —Photograph showing the cyanotic infarcted paradoxically pulsating area of 
left ventricular wall which develops following ligation of the anterior descending branch of 
the left coronary artery in the dog. 



Pig. 11.—Application of the Ruinel-Morse clamps armed with strips of Ivalon sponge to 
exclude the infarcted portion of the left ventricle. 

Initial allompts were made .simply to place mattress sutures under the in- 
fai’cted area, tie them down, and then excise the infarcted area. It was noted 
that Avhen a large area such as that produced by ligation of the anterior de¬ 
scending branch of the left coronary artery was involved, the tension necessary 
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to 00111)1 the cilf'es wolilil oiuise tliein to cut lliroiiK:li tlic muscle with conseciucjit 
.severe lieniorrhage. h'urthor, there was no provision in lliis tcehni(iue For the 
evaenalion of clots sneh as mii;ht oeenr in ancnrvsins. Therefore, a method for 
eiaeuation of clots and for hiifi'erinir the siiinre line was devised. 

Twenty-five mongrel dogs, weighing fiom 5 to 1.5 Kg., were prepared. 
The anterior descending eoionary aidcry was ligated 2 to .‘1 cm. from the point 
where it hranehe<! from the main left coronary. This site was chosen to avoid 
possible inclusion of the septjil artery. The suhsctpient infiirction involved at 
least one half of the anterior surface of the loft ventricle and the ape.v (Fig. 
10). A liuniel ventricular clamp, as modified hy Afoise,’' was armi'd with 
Ivalon .strips placed so that the teeth protrndcil through the sponge (Fig. 11). 



Klir 12 .—Tho npjuroxlnntinjr fluturo*^ arc pii5C<l throu^fb the I\fiIon strips after amputatinfir 
the Infarctr*! niU'scle. 


These were applied at the limits of the infareted aica into the normal muscle 
.so that the teeth were engaged into hut did not penetrate the wall. A large 
incision was made into the infareleil area and the wound was allowed momen¬ 
tarily to bleed. Hy this method any eontained clots would have been “flushed- 
out.” The bleeding could he controlled instantaneously and completely by 
closing the clamii. The Ivalon sponge (irevented its jaws from cutting through 
the wall nr injuring it. The clamp was uudersewn. using intcrrui)tod, over¬ 
lapping mattre.ss sutures placed directly through the Tvalon. The evciuded 
portion of the ventricle then was cut olt above tho sutures. The clamp was 
removed and the Ivalon sponge left permanently in place (Fig. 12). If the 
mattress sutures arc placed properly so that they overlap, no additional sutures 
arc needed. This method appeal's to overeomc most of the technical problems 
concerned with the resection of a ventricular aneurysm. 

As the idea of excision of areas of myocardial infarction has been postu¬ 
lated and the opinion exists that the time for resection may not be after the 
aneurysm has formed but immediately after the acute infarction, the dogs 
were saved for further study. 
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All of the dogs had one half of more of the anterior surface of the left 
ventricle infarcted. This was represented by a triangular area whicli on ex¬ 
cision measured 3 by 3 by 3 cm. or more. A rim of 1.5 to 1.0 cm. of tissue 
surrounding this area was incorporated within the suture line and thus was 
excluded from the functioning myocardial musculature. Six of the dogs died 


A. 



B. 

Fig. 13—A, Cross-sectional Me\\ of the noimal dog heart taken one thud of the distance 
from the apex of the \entiicle toward the base. 

B, Similai section of heart of dog subjected to excision of an "tally cieated 

infarct 13 da>s pie\iousIy. Note the marked reduction m the size of the left ^entrlcular 
chamber. 
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iiMiiicdiiiti'l.v fidiii ii'icvoi'.silile vriiti'iculnr rilifilliilic)n. The licarts o£ two ad¬ 
ditional doKs fdnillatcd, Imt a novmal simis rhytlini was lo-ostablislu'd by 
(‘leclric caiuntcrsliook. Two doRs died of blcediiip when the siifm-es were not 
overlapped properly. One died of empyema. Thirteen dogs died from the 
fii'St to the ninth day with congestive heart failure. They c.xhihited pulmonary 
edema, engorgennnit id' the liver, hydrolhorax, and a.scite.s. Three dogs wore 
saerilieed on the tenth, thirteenth, aiul twent.v-.sccond days. The.v had similar 
finding.s. The longe.st lived dog in the series had ma.ssivc ascites and hydro¬ 
thorax and was deteriorating when saerilieed. 

It had been noticed that immediately after the clamp was closed, there 
was a moderate to marked dilatation of the left auricle, the right ventriele, 
and the pulmonary artery. There w.as no immediate drop in blood jire.s.sure 
after the heart was infarctod''''-but a gradual drop of 10 to 30 mm. llg was 
ob.sorved after the elamp was applied. 

The hearts were studied at post mortem. The inside of the heart .showed 
only a narrow linear sear representing the site of excision. There was no 
evidence of mural thrombosis. On the outside, there were den.so pericardial 
adhesions to the resected area, giving it a smooth .surface. The suture line 
was repre.sented by a tough fibrous .scar. In the dog that was .sacrificed at 
23 day.s, the Ivalon sponge was well infiltrated.with fibrous tissue. In no iti- 
slnnce was a papillaiy muscle de.stroycd. \Yhcn it was infringed upon it was 
caught nil within the suture line. At no time was there evidence of mitral 
in.suflleieney as a result. 

Thc.se hearts did not .appear to .show any compensatory dilatation to com¬ 
pensate for the exei.sion of ventricular tissue. There was a reductioii in the 
ventricular volume which appeared to be about half of its u.sual capacity (Fig. 
13,.I and U). The.se findings were consistent in all the surviving dogs. 

DI.SCU.S.StO.N' 

The net conclusion from this work is that the heart is not capable of free 
and unrestrained dilatation and that this cannot be expected promptly after 
surgical reduction in the size of the left ventricle, .significantly below normal 
limits. Instead there is marked restriction in the stroke and total cardiac 
output and a type of circulatory obstruction similar to that observed in experi¬ 
mentally produced mitral steno.sis. 

■\Vhilo the considerable increase in left ventricular volume which is eharao- 
teristic. of hearts with myocardial aneurysm would seem to militate against 
easy production of such fnnetionai inlet obstruction, it is evident that there 
must bo a limit oven in these ea.scs to the amount of permissible ventricular 
wall resection. After all, the ])rcdoininnut source of such aneurysms is the 
very large infarction which is caused by occlusion of a major coronary arterial 
branch comparable to that lig.ated in the experimental animals. Since the 
normal process of healing of an area of myocardial infarction is by fibrous 
replacement, it is clear from the usual benign coui'se in uncomplic.ated clinical 
eases that the presence of such areas of scarring, per se, are not deleterious 
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to heart function. Their presence does not necessarily imply an enlargement 
of the ventricular lumen since they merely may replace an equal area of 
destroyed muscle tissue. 

Since the aneurysmal sac or pouch characteristically represents but the 
thinned-out central portion or fundus of the postinfarctional sear, it would seem 
logical merely to amputate this bulghig ai’ea and to use the remaining pe¬ 
ripheral portion of the scar for closure of the created ventricular wall defect. 
The combined fibromuscular structure of this peripheral portion of the original 
area of healing repi'esents a nearly ideal tissue for suturing, being both strong 
and supplied with a rich capillary type of vasculature (augmentation of the 
intercoronary artei’y communications). 

We, therefore, conceive it to be the surgeon's responsibility in a ease of 
ventricular aneurysm to remove such portion of the postinfarctional sear as 
is necessary to overcome the deleterious physiologic effects of the aneurysm 
and, at the same time, to preserve sufficient of its peripherj^ to reconstruct at 
least a minimally adequate ventricular chamber. In other words, he must “tailor” 
the venti'ieular cavity to as near the normal size and shape as is feasible. Such 
concepts are implicit in the term “ventriculoplasty.” 

We believe that excessive removal of the scarred portion of the ventricle 
may have been responsible for the development of persistent heart failure in 
some of the reported late deaths follovdng excision of ventricular aneurysms. 

It, also, is manifestly the surgeon’s responsibility to avoid inadvertent 
dislodgment of clotted material which may be contained witliin the aneurysmal 
pouch during the manipulations incident to its removal. While this might 
be accomplished by the use of an open technique and a heart-lung bypass, 
we feel that it may be done more simply and with equal effectiveness by the 
use of the “flush-out” technique as described. 

ILLUSTRATIVE CASE REPORTS 

Case 4.—^V. E. (Hospital No. 54-04387), a 56-year-oia white male Brazilian coffee 
planter, was admitted to the Hahnemann Hospital in Pliiladelphia on April 8, 1954, with a 
history of a myocardial infarction in January, 1953. In May of 1953, he liad ventricular 
failure and at this time a diagnosis of left ventricular aneurysm was made. This was con¬ 
trolled by medical therapy and the patient did moderately well until December, 1953, when he 
again went into failure which persisted in mild form m spite of vigorous medical thei’apy. 

On admission to the hospital, the patient was dyspnoic at rest and orthopneic. The 
blood pressure was 124/80 mm. Hg. A diastolic gallop rhythm was present. The heart sounds 
were distant but no murmurs were heard. There were moist rales at both bases, the liver was 
palpable three fingers below the costal margin, and there was a one plus ankle edema. The 
electrocardiogram showed evidences of an old anterior wall infarction. The roentgenogram 
demonstrated a bulging on the anterolateral surface of the left ventricle. A diagnosis of an 
old anterolateral infarction with a ventricular aneurysm was reached and the patient was 
prepared for surgery. In spite of digitalis, bed rest, mercurial diuresis, and a salt-poor diet 
the gallop rhythm and dyspnea persisted. 

On April 15, 1954, a left posterolateral thoracotomy was performed. An anterolateral 
infarction was found, and a ventriculoplasty was performed (Dig. 14). The patient tolerated 
the procedure well and left the operating room in good condition. The diastolic gallop dis¬ 
appeared on the first postoperative day, was heard intermittently during the first week, and 
then disappeared. 
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The [>ationt was Isojit at heil rc*«t for 5 wivKs nnd IfitMi ob'jcrvt'd for 7 nook««. Duriiif; tliu 
kittor jJiTioil ho was nblo to walk aiu! to rlitiib three tljghts of stairs without dyspnea. 

This patient was ro aiiiuitlod to the hospital for clioek up in Decendn'r, 195C. His only 
oomplaint at tins iin\o wa'< of occasional Imuts of deep and fast Isreathln^j which occurred 
durnijj Hh'op, pnu'«mjj him to awaKcn, 

Ho luul no evidenoo of failure or of furtiwr vardijw deterioration. Kowc\er, ho was still 
maintained on digitalis. 

Comment: This man, who was, historically, the first j)atiL*at to stir\l\o \cntricular rc 
'icvtiou for enrdiao nnourN-^m,was practienUy terminal at the time of surgery. Yet 
his opi'rati\e respon«»i* was gratifying and he remains well to date. At check up 2*4 years 
after re'-eclloa of the ^»'ntr^eula^ aneurysm, he soomed to be following the usual relatirelv 
satisfactory cour«e to be expected of a patient who Imd suffpred n myocardial infarction with¬ 
out complication. Ho continues to do well .I yi'ars following oper.atlon (Tig. Id, A-D). 



Fip. It.—ScnUdlafcrammallo representation of teclmlqwe of ventricular excision employed In 
V. F. (Bnlley, .‘?urfrer>' of the Heart, ctl. 1. Phllailelphln, ID55, I>ea S: Feblffor, p. 1045.) 

Cask 5.—R. T. (Hospital Xo. 56-19612), was a 56 year old white woman who, on April 
.’to, 1955, had a sudden onset of severe chest pain. Tins was diagnosed ns a niyocardial infarc¬ 
tion and the patient was hospitalised for 2 months. During July, 1955, enlargement of the 
I’ardiac silhonctto was noted on x-ray’ studies and the patient was placed on digitalis therapy’. 
In December, 1955, a bout of atrial fibrillation occurred, accompanied by’ ankle edema and 
shortness of breath. This was treated with quinidinc. She improved somewhat during the 
next few months but still had marked limit.ation of activity' liccauso of slmrtncijs of breatli. 
The patient was admitted to the Ilahnenmnn Hospital for evaluation. 

There was no neck vein distention, the lungs were clear to auscultation and percussion. 
The Iieart exhibited a normal sinus rhythm, the souiuls were diminished in intensity’, and there 
wore no murmurs. The blood ]jressure was 104/60 mm, Hg. The Ivvcr xvas not palpable and 
tliero was no ankle edema. 

The electrocardiogram sliowed findings indicative of a previous anterolateral myocardial 
iufaictiou. Routine x-ray studies showed a bulging and elevation of the superior portion of 
the left ventricle, wltli a discontinuity of its Iwrder. Cardioangiography’, by left atrial punc¬ 
ture, demonstrated a large ventricular aneurysm (Fig. 16, A and B), 
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A. 


S. 



C. D. 


Fig- 15 .—A and B, Preoperati\e PA and oblique roentgenograms of V F. (Case 4) 
showing a bulging of the left border of the heait which was diagnosed as a postinfaictional 
ventiicular aneurj'sm (Bailey, Surgery of the Heart, ed. 1, Philadelphia, 1955, Lea & 
Febiger, p. 946.) 

C, PA 1 oentgenogram of the heart of V F., 6 weeks after ventriculoplasty. 

D, Comparable roentgenographic study of V F. taken 2% j ears postoperatnely. 
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TIjo patient «ns proparotl incMHeally nml operated upon on April 30, 1030. After tlio 
inducticin of nnc'>tlie«ja it ^\n‘* note<l that flic carotid piiNe ^\a<i absent. Tho left cho'jt uas 
opened quickly and thu heart \\jvs found to l>o in sinnditill. Cardiac nuH^’ago uas In’^titutcd 
and prompt restitution of tliu heartlK-at was achic\ed uith restoration of tlie blood pressure 
to a systolic le>el of 110. After recovery ♦•ecined assurccl, resection of tlio aneurysm uas 
umlerfakeu and a \enlriculopInsty was i>cr/ormed. The patient tolerated tlie jirocedure well 
and left tlio njierutins room in t;ood condition. The patient bad an unremarkable eon’iali'sccnco 
and loft the hospital on the se\cnteenth postoperathc day. Ifer condition today is reported 
as significantly impro\ed. 



t. n. 


I'Jir. Hi.—. 1, PA ro« nti:*’nocram of fiinale It T fCase 5) showlmr abnornnl cardl'ic 
HtUjouoUe. 

/{. Ciinllcnmrloirr.uii obtained bv left nlrt.il Injection slioulnir larfre .intorolatcral 
nnenrJsin.Ti shadow snporliiiposcd iip<»n the shadow' of tlie Interior of the left \entrlclo (outline 
of latter Indic.ued bv vlotted lines). 

Cv*,!: d.—K. T. (Ifospital N'o. 3G2SI30), a G.3-^ear old white man, uas admitted to 
Ilahneniuim Ifospital on Dec. 2, IMG. In Afarcli, lO.'Jo, tho patient had had an acute m\o* 
cardial infarction for which he was hospitnliroil. Prior to this episode he had had some sub- 
sternal discomfort not definitely nssoeinfed with esertion. Follouinfj tho infarction, ho do- 
% eloped easy fatigability and dyspnea on exertinii. 

On admission the blood pressure was 120/70 iiim. Ilg. Tho lungs were clear to ausculta¬ 
tion and percussion. The heart sounds were distant. No murmurs were discernible. The 
liver was not palpable and no ankle edemn was present. The ch'ctrocardiogram showed changes 
ln*licative of extreme nuocardial damage involving the antcroseptal portion of tho left ren- 
Iricle. Itoutinc roentgenograms sliovved .a bulging of tho loft ventricular wall which was 
bolicved to represent an anciir.vsm (Fig. 17, J), Ventriculography clearly demonstrated a 
largo loft ventricular aneurism with a double pouch (Fig, 17, li). The patient was prepared 
for surgery with digitalis, Tliiomcrin, and bed rest. 

At tlioracotoray, on Dec. 17, IP.IO, two bulges were found adjacent to each other. The 
first was on tlio lateral aspect of tho heart. The second was adjacent to the first in the region 
of tiic ape\. Using tho techniquo of vontriculoplasty, both anourysmal bulgos were resected. 
Tlio patient tolerated tho procedure well. 

Postoperativcly, the patient did well until tho third day when he had a UrieC Uyjvotcwsive 
episode wliich required a continuous infusion of norepinephrine. Subsequently, 650 c.c. of 
sanguineous fluid was aspiiated from the left chest. No further difficulties red. 



58 


BAILEY, BOLTON, 2S^CHOLS, AND GILMAN 


J Thoracic Sure 
Januar>, J958 


postoperathe ventriculogram revealed a nearly noimal shaped left ventricle (Fig. 17, C). 
The patient -was discharged 4 weeks postoperatively in good condition. A recent medical 
report is most satisfying, both dyspnea and fatigability being lelieied. 



Fig-. n.—A, PA roentgenogram of male K T. (Case 6) showing aneurysmal bulge upon 
the anterolateral aspect of the left ventricle 

Preopeiatiie ientriculogram (by direct \entricular injection) obtained from Case 
6 show mg double aneury smal bulge. 

C. Postoperatn e \ enti iculogiam in Case 6 showing effect of \ entriculoplasty upon left 
\ enti icular chambei 

TECHNIQUE OP VENTRICULOPL \STY 

Depending upon the site of localization of the aneniysinal dilatation as 
determined by fltioroscopj’’ and cardioangiographic opacification, the operative 
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ippio.itli IS ni.ulc tliimif'li .1 left .inteiolilei.il iiiteiLOst.il (Xonitli 01 filth) 
iiii-isinii foi .nnttiioilv 01 iiiteiol ilci.illj lot.ited .iiu tirjsnis, 01 tinoiigli .1 left 
])oslnol.itn.il 011c foi .1 l.-itti.il, ))osUiol.ilct.il, 01 (Ii iiihi.igiii itie iiiopetioii, 
in this t.iso Using the fifth, si\th, or se\ciith inteicostil sp.iee (\\hichc\ti 
siciiis most .ippiopii ite) Atlei the peiic.itdmiii is esposed, it iii.ij ho iiieiscd 
.ind dissected ima\ fioiii the .niient^isiinl hiilge, the intcgiit^ ol the loft pluoiiie 
iieise being piesciied 

AVlicii the .iiieuiism 1 ms hecn exposed ns eoiiiiilctely .is iiossihic, the 
iii.iiiiiei in whieh the \eiitiielc is to be t.nloied is deteiiiiinod In most e.nscs, 
this Mill niiiount to simple longitudin.il .ippln.itioii of the Kuiiiol-AIoiso tl.im]) 
to the bisil pnition ot the iiicttrjsm 111 such .i uiij tli.it aftci the ftiiidus of 
the aiieuijsmal hiilge has been amput.'itcd the cnntoiii of the rep.iiicd heait 
11.ill mil be lestoied ns iieailj .is possible to noim.il Caieftil inspection .ind 
palpation of tbe suif.ice ot the heait mil iiidicnto the possibilitj 01 likelihood 
of diMding 01 occluding bj the sutuic line .iii> si/.ihlc functioning coioii.iiy 
.iiteiial hianchcs, .iiid also mil disclose iiij .11 ea of iiiiiisual thiiiiiiiig of the 
iciitiicul 11 nail 11 Inch iioiild he let iiiinl should the ))ioposcd line of resection 
fail to inelude it 

The oiioiafor’s uiigloicd light index fingei is insoitcd into the left .itiium 
b.i naj of .111 incision made into the purse stiinged tip of the left auinulai 
ippcndigc At U uisicnt str.itegic inteiv \ls the hnget tip is adtanced tluough 
the (iioiinil) initial \ ihe to exploic the inteiioi ot the left vcntiiculai cuitj 
ind pel haps that of the aiieuijsm itself The locali/ition of the sites of in 
seitioii of the pipill.iij muscles mth icspeit to the ancuijsm is intestigited 
If cxcessitc 01 loosch attached tliiombotie iiiateii il is picsent, suggesting the 
d.ingei of paitial dislodgmont at the moment of clamping of the base of the 
ancurjsm, especial e.aie is taken mth the steps of the “Hush out” technique 

II.aMiig detci mined the extent and location of the poition of the scat to 
be resected, the special Ilumel-Morse el imp is applied with .a safe m.aigin so 
that the long teeth upon its opened lans peiietiate deeph into the paitlv 
fibrosed xcntriculai nail Attei cscrithiiig is in readiness, blood ti insfiision 
h.iMng been adiniiiisteied to a slight excess the poition of the aiieiiijsm to be 
icsected is suddenly and mdely iiieiscd, iiei nutting a nionicntarj massive 
gush of blood fiom the seiitiieiilai ea\it\ which tends to flush out any loosely 
.ittachcd clot within the sae Then, the iiws of the clamp aie approxira.ated, 
abolishing fiiithoi blood loss and tcstoiiug the funetional iiitcgiity of the 
ciiciilatioii (Pig 18 , . 1 - 0 ) If ncccssaij, furthei tiniisfusion of whole blood 
is adiiiinistei ed 

The selected poition of the now excluded fibiosod vcntiieulai wall is ex 
cised Any \isihle, paitiallj adhcicnt, thionibotic mateiial may be extracted 
from between the prottiiding iciifiictilai lips These aie approximated with 
a row of intoiiiipted intcilockiiig matticss sutiiics of heavy silk placed eithei 
aboie or below the clamp at a distance of 8 to 10 mm fiom the out margin 
The cut edges aie oveisewn with .i continuous sutuie of medium silk In eases 
01 111 areas wheie theie has not been sufficient fibious mfiltiation of the residual 
wall to lender it tough and stiong, the sutuiing needles may bo passed through 
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strips of compressed plastic sponge,® 2 cm. wide and 3 mm. thick. This ma¬ 
terial acts as an excellent buffer between the epicardiiim and the suture loops 
which otherwise might tend to cut through. 

After the line of repair has been completed, the clamp is released a little 
at a time until the tAvo rows of sutures are restraining the full intraventricular 
pressrrre. If any bleeding occurs from the suture line, one or more additional 
mattress stitches may be placed to control it, preferablj^ without re-application 
of the clamp. 



Fig-. IS— A, Runiel-Morse fenestrated and toothed ventricular clamp. (Surg., Gynec. & 

Obst. 104 : 539-542, 1957.) 

If enough pericardial tissue remains to cover the site of I'entricular ra- 
pair, it may be so utilized. Hoivei'^er, an adequate and dependent pericardial 
opening must be proAuded to permit free drainage of serosanguineous exudate 
into the left pleural space. The latter is drained into a ivater-seal bottle by 
a multiwindowed No. 28 Fr. urethral catheter inserted through a stab wound 
made in the sei^enth or eight intercostal space in the posterior axillary line. 

The thoracic wall is repaired in layers, using pericostal and fascial sutures 
of No. 2 ehromieized catgut. The skin is closed ivith continuous running or 
subcuticular stainless steel Avire. 

The method of repair of a true ventricular aneurysm by an open tech¬ 
nique, as suggested by Lillihei,®^ does not differ greatly from this except for 
the necessity for eannulation and the operation of the cardiopulmonaiy ap¬ 
paratus. Complete circulatory bypass is preferable to merely a left-sided one. 
With this technique, the special Euniel-Morse clamp is not necessary, the 

•Jvalon: Obtainable from Davis and Geek, Danbury, Conn, 
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Flff. 18 ContM.— B, Operator'*? «nglo\e«3 right Inilex flngcr is inserteil into the left ventri¬ 
cle hy \\a> of the loft Hiiricular nppenilagc nnil the mitral valve to explore the cliamber and 
to detect tho ptesence of any 1oo'»e or exce«?si\f‘ thrombotic nmterl il. 

C, Tho teeth of tho cl imp aio npplJod securely along the soIocte<I hno and the fundus 
of tho imclamped nneurjsnj Is incl«od widely to “flush out" any loosely attached thrombotic 
inatcjlal. 

D, The jius of tho cl.iin]) nro closed to lestrnln hloedlng: and the excluded aneurysmal 
wall Is trimmed away, 

J', The ^ent^^cula^ Ups aro approxiniatcil by mattress sutuies applied through the 
slots In the fenestrated laws of tlie clamp After renio\nl of tho olarnp. the cut edges aie 
oversewn (Bailey and Ctllman. Smg, Gjncc. and Obst lOl; 539-542, 1957. Coxirtesy of the 
Franklin H. Martin Memorial Foundation.) 
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selected poi’tion of the bulging ventricle simply being excised and the interior 
of the chamber being exjjosed. Any clots which extend into the left ventricle 
are removed by suction or extracted mechanically. 

After displacing the air from the open left ventricular (and atrial) 
chamber by gaseous carbon dioxide (in order to obviate the possibility of air 
embolization), the cavity is filled Yuth blood or saline, and the heart wall is 
repaired in a manner similar to that desei-ibed for the closed method. 

SUMMARY AND CONCLUSIONS 

"With the increased incidence of surgical ventriculotomj'’, we may expect 
in the future to encounter more ventricular aneuiysms of traumatic (false) 
tjTpe. "While everj'- effort should be made to prevent their development, we feel 
that they maj'’ be corrected with relative safety by the technique herein de¬ 
scribed. 

Suice adopting the "flush-out” technique, following the death of our second 
postinfarctional patient from embolization, and by continuing the use of the 
principle of ventriculoplasty (tailoring the ventricle) rather than attempting 
totally to excise all scarred tissue, there has been a gratitying surgical and clin¬ 
ical response from each patient so operated. In Anew of the fact that no "re¬ 
vascularization procedure” was included in the operative technique, it is be¬ 
lieved that all observed benefit was due to the removal of the physiologic burden 
imposed by the paradoxically pulsating sac itself. "We feel that a widespread 
application of these concepts and techniques will enable others to achieve equally 
good results. 

In tyew of the gloomy outlook for individuals with symptom-producing 
postinfarctional ventricular aneurysm, and the rather dramatic response to ap¬ 
propriate operative intervention, we strongly urge surgical consideration for 
these common, although less often recognized, sequelae of coronar 3 ’' arterial dis¬ 
ease. Knowledge that an effective surgical method of treatment exists no doubt 
will stimulate an increased awareness on the part of the internist that such a 
lesion may exist. appropriate opacification techniques the diagnosis maj’’ be 
established with certainty and the size, shape, and localization of the aneurysm 
determined. 

It is to be hoped, in the future, that these patients maj’^ be referred for sur- 
gerj^ at a somewhat earlier stage in their devolutionarv course when the chances 
for survival and clinical “cure” will be greater, rather than in the near-terminal 
or pre-terminal state in which we liaAm seen them to date. 
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D 1 SCUS.SIOX 

DE. EGBEET H. FELL, Chicago, Ill.—At the Cook County Hosi>ital, Dr. B. M. Gasul 
and his associations had an opportunity of studying a 7-month-old, healthy looking infant 
who had a loud machinery murmur at the level of the cardiac apex. 

(slide) The angiocardiogram of the right side of the heart is normal, but on the left 
side of the heart w-e see a very large right coronary artery filled with dye ending in an 
aneurysmal-like swelling at the apex of the heart. 

(movie) We have had one other patient with an anomalous eoronar}- arteiy entering 
the right ventricle just proximal to the pulmonary valve with no aneurysmal dilatation, 
and a preoperative diagnosis of patent ductus arteriosus. Here we have a true arterio¬ 
venous aneurysm at the apex of the heart; the movie shows the aneurysm very well, and 
you see the large right coronary artery coming up from behind. The coronaiy artery was 
clamped, divided, and sutured. Blood now enters the aneurysmal sac from the right 
ventricle. The coronary arterj- was every bit of four times its normal size. The wall of 
the aneurysm was resected and the ostia are seen, one from the coronary and one from the 
right ventricle. The ventricular defect was closed in two layers. Pathologic studies of the 
resected material confirmed it to be ventricular wall. The child is now about 2 months 
postoperative and is doing well. 

This movie has shown an unusual experience we have had at the Cook County Hos¬ 
pital with a congenital arteriovenous fistula of the right coronaiy artery and right ventricle 
with an aneurysm of the apex of the right ventricle. It was diagnosed prior to surgery 
and treatment resulted happily in a cure. 

DE. J. L. MANGIAEDI, Garden City, N. Y.—I wish to congratulate Dr. Bailey for 
his excellent results in pioneering a new operation and to add .a case report. 
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(sliilo) lliji 13 ont of the 25,000 cases availnblo in 1950 that Dr Biiilo} meiitiont-d 
I hj3 11 M.ar «>1(1 man pre-^onttcl uith para«Ioxicil pulsations o\or tho aneurN**!!! anil severe 
hvptrtcnsiort ranj»inf; from 170 to 250 svstolic IFo had no historj of coronary artery 
0 cIu«ion, but tho ilottrocnrdiORrnm was compatible vvith an anterior wall infarction 
and inLurvsni 

(slide) Ihis IS a slide taken Z veara prior to admission and shows no evidence of 
nneuTVsm al that lime so that, with the electrotardio'jrain, wc felt quite confident of our 
tliaH[nO'<i3 of iiostinfarction mvocardlal nneurvsm 

{''Jide) Wt had just n ad Dr Ruilov ori(;iiinl report of his first suece<«sful case, and 
dicided to operate on tins patient Ihis shows technique of rejection—but it is not 
ab‘ioIu(th correct, we actualh had three suture lines, the first a continuous mattress 
suture, tho “lecond an interrupted lajor, and the third sutured over and over with fine silk 
exactlv as shown in the previous slide Before rtsection, I might mention that we thought 
tin aiiLurvsm was full of clot and wo had in mind to stab the apex, allow clot to extrude, 
ind then clamp tlie base ITowovtr, we were verv fearful that our refioxes would not 
miaauro up to Dr BaiIo>N cnlcria, «o wc did not do it Tho base was simply cross clamped, 
and although an imbolns was thrown off, it was fortunatelv verv small, ns tho patient re 
covered rnpidlj and is now well m nil respects, n }enr and a half posloperativelj 

(‘^Iido) Here is the specimen This is a lentimctcr rule looking at the ineurjsin from 
within its cwitj, vou can -ce a Urge amount of clot and fibrin, there was more on tho speci 
men at tho time this was taken off 

t was i little surprised it what Dr Badcj hid to oair about mu«clo in tho wall of the 
amurv^m \\i were surprised and verv i!i«appointc<l because uo did not find muscle in tho 
wall of Hus rv’*ictcd area 

(slide) This shows tho microscopic apptaranco of the ancurvsm It has been of great 
inlirvst to us that this man's hrportcnsiou has never risen above ICO over since the time 
of riscction of this nnourjsm So far as the hjpcrtension is concerned, the only thing I 
can think of is tho decrease in size of the left ventricular cavilv, but of course this re 
mains n question 

(slide) 7\c have had a lot of cardiographs in tho follow up of this case, and our 
cirdiologist IS much interested in their comparison This is tho immediate preoperativo 
studv, and I think vou can «ee the high ST «egmcnts in lends I and AM/ particularh, 
and inverted T wavt'* 

(slide) This is an jtumediato postoperative cardiogram The S C <5cgmeuts are now- 
normal, and the T waves are flat Very little change has occurred since 

DR LEBIS H BOSHER, TR, Richmond, Va—‘\\c have encountered still another 
tvpo of mjocardial aneurv^ni which because of its rant} is perhaps worth recording here 
ihis was the case of a 33 vcar old Xegco woman who entered tho hospital m chronic 
cardiac tamponade ^ho had an olevattd venous pressure of more than 250 mm of saline, 
a dopre*'«cd blood pressure and pul«e pressure, and a very largo liver The cardiac 
‘iilhouetto was quite large, aspirations of the pericardium were done which yielded almost 
frank blood Ihis temporarily relieved tho cardiac tamponade Because of the rather 
marked abnormality of tlio clotting mechanism, operation was temporarily deferred She 
had a very low fibrinogen, and this was corrected by intravenous fibrinogen At operation 
«»overal days later, tins was encountered 

(slide) The pericardial sac was markedly enlarged and had a large quantity of bloody 
fluid present in it On the wall of the right atrium very close to the atrioventricular 
groove there was a saccular, paper thin aneurysmal dilatation about 4 cm in diameter 
The atrium was explored as we thought that perhaps some type of intracardiac tumor was 
present, but none was found The wall of tho right atrium itself seemed somewhat 
dilated, perhaps due to tricuspid insufficiency This was not definitely established Tho 
w all was quite friable next to this bncculation 

(slide) At tho top of the slide you see the paper thin aneurysm which bled on contact 
with the fingers and which sealed spontaneously 



66 


BAILEY, BOLTON', NICHOLS, AND GILMAN 


J. Thoracic Surff. 
January, 1958 


(slide) A slab of polj'vinyl sponge was sutured down over the aneuiysin and this 
concluded the operative procedure. No cardia was found in the ijericardial fluid and thus 
this represents a inj'cotic aneurj’Siu. This patient’s low-grade fever did not subside post- 
operativeljr until after an intensive course of therapy with sulfadiazine. She remains well 
6 months later. 

DE. JOHN C. JONES, Los Angeles, Calif.—I enjoyed Dr. Bailey’s discussion and I 
merely arise to tell you that I came unprepared to discuss my one ease. But I bring up 
this one point. This case of mine was operated upon before Dr. Bailey published his tech¬ 
nique, and I do not believe that whether or not j'ou anticipate there is a clot you should 
put a Anger inside to release the clot before you get a chance to resect the aneurysm. The 
other point is that I do not believe the best technique is to put a clamp on these ventricles. 
In the first place you will probably ruin your clamp, and in tlie second place it is not good 
technique anyway. 

I think as we confront this problem, the best way to resect an aneurj'sm" is to place 
the sutures first, resect the aneurysm, and then draw up the sutures and tie them, and then you 
will have no difiicultj'; you have a clot that will come out, if you do not have a clot you are not 
in trouble, and if you put your finger inside you are likely to release the clot. 

The patient I operated upon was in severe decompensation, he had been decompensated 
for years, and he is now particularly well compensated and has done very well. Just the 
simple manipulation of placing the sutures, resecting the aneurysm, and tying them, was 
effective. 

DE, DENTON A. COOLEY, Houston, Texas.—I think from the standpoint of complete¬ 
ness it may be worth while to state that there are other complications of coronary occlusion 
and myocardial infarction which at this time may be surgically correctible. I refer to 
the acutely perforated ventricular septum and to tlie ruptured papillary muscle. Both of 
these are highly fatal complications of coronary disease but, with the methods of cardio¬ 
pulmonary bypass at our disposal, they could be handled successfully in some instances. 'iVe 
have had experience with one patient with perforated ventricular septum who went through 
the operation satisfactorily. Unfortunately he died 6 weeks later of pericarditis and 
empyema. AVe have operated in 2 cases of ruptured papillary muscle. Neitliei' of these were 
secondary to myocardial infarction; one being due to trauma, the other a complication of 
bacterial endocarditis. In both of these patients the papillary muscle could be repaired. 
Perhaps in the future, cardiac surgeons may adopt a more aggressive attitude toward these 
complications of acute myocardial infarction. 

DE. ALEEED GOLDMAN, Beverly Hills, Calif.—I rise only to mention another type 
of ventricular aneurysm; that is one in which one cannot get around its base. AVe have 
had two such cases, and each time an attempt was made to clamp this very leathery 
dilated wall of the left ventricle, the blood pressure would drop. In each of these cases we 
made a repair after Beck’s method, using a flap of pericardial fat pad and pericardium 
over the small weak spots that were encountered on the surface of the aneurysm. Both 
these patients are now about 2 years postoperative and neither has had any further 
coronary occlusion. They are both somewhat disabled cardiac-wise, but thej' are both 
alive and able to do light work. 

I want to mention one test that might be valuable in determining the extent of a 
through-and-through infarct such as is present with this type of aneurj'smal dilatation 
of the left ventricle. If the surface of the heart is explored with the unipolar electrode, 
using Prinzmental’s technique there will be over any active myocardium, with pressure, 
an injurj"^ current measured by an elevation of the S-T segment. Over the surface of 
this kind of ventricular aneurysm, where there is no active muscle, Q weaves occur without 
elevation of S-T segment on pressure with the electrode. One can demarcate in this way 
the edges of the aneurysmal, dilatation because pressure will produce no rise of the S-T 
segment over the through-and-through infarct replaced by fibrous tissue. 



Vclun c 5? 
Numbfr ! 


VEXTBicur oin \sti fobcmidtvc vneur\s\[ 


67 


TJR CLAUn7 S HI riv, Clc\ilnii(l, Ohio—Not uJl nncur\'<ni»i of tJio Jienrt are 
•'acrulnr, untl not all of them iitnl to l>o o\(i*«n1 I ha\o hn<l 2 p*it>erit*^ nith aneurism 
larjjo enOiijjli to Im\o a |nn«loxJcnl pul-ntion TJic^sc nert npproxiinatclj 4 tm in 
djamctor and hiiljje I ont approxunatiI> 2 cm V ^rift of fascia lata plncel n\er tlie 
njK\ir\'!m in one and in tlit other i Rrnft of n>1on wni ii«e<l Tlieoe {jnfts were ‘sutured to 
tlio ndher« ut j crienrilinni in (lu jn ripherv of the niutir\«m The Rraft w is matle tight enough 
(o do awa\ witli the pindoxual pulsation and Iho outward bulge This method of treat 
nient is rcconinieiukd for an(ur^sms with a paradoxical pulsation and without a narrow 
neck Tn patients upon whom I operated for coronarx arters disease, the inculence of 
aneurxsni was 7 pi r rent Ihe onh aiicurxsum that need a supporting graft are those that 
definitely bulge out from the heart orhnxe i paradoxical pulsation 

DR Cn VRLI S P JIAILDY, Phtladi Ipln t Pa (Closing)—T want to thank all the 
<lt‘>eUS’>ors and I will tr\ to iivswir the questions they liaxc brought out Ihcro is little to sax 
about Dr PcHN biautiful cast, and we tin oiiK cotigritulitc him upon his success Dr 
^fangiirdi rimid tin question of why there w is no rtitinnung muscle tissue in the section of 
tlio nni-urxsinal wall That is, of course, the end nsult of nn infarction that wax through 
and through *^01110 inourxsnis do have muscle fibers in their wall, and thp\ are the ones 
tint occur after incomplete or partial thickness inxohtments Those that occur after 
’'Ocondary infarction of a proMonsh infnrcted area tend to bo pureU fibrous I do not 
know wh\ Dr ^^^ngln^d^^ patient lost Ins hxpertcnsion, but it would bo a wonderful thing 
if we couhl onh control this cfToct upon our patients 

It is important to realise that exen though (horc bt muscular elements m the xrall 
of uu aiuurxsmal pouth, as long as 'ou do not get bexond the limits or confines of the 
scar xou will luxe good strong tissue to hold the sutures something you do not haxe in 
tho experimental animal Therefore m the human patient xou will seldom need Ixalon 
sponge rcinfor'.cmeut of xour suture Unt 

Dr Coshers case is indeed fnscinitiiig, I suppose none of us has ever heard of mx 
thing hi 0 that b< fore, and ho has had a fine result Dr Jones, I think, is somewhat more 
fearful th m ho mid bo about clots xxUhtn tho aneurysm If vou are gentle xou can 
palpate the clot ami not di-Iodgc it f think it is important to knoxv whether or not one 
of tho papillary muscles is inxolxel in the ancurxsm, because if you are going to cut 
aw ax its normal site of atticbmont xou must U particularly careful to incorporate tho stump 
within the suture Imo lu tht xuitruiilir will, hst you produce a sexcro degree of mitral in 
sufiicioncx I think tlitre max bo many ofhor ways than ours of taking off an aneurysm and I 
haxe no doubt Dr Tones’ nietbod will xxork In fact, about a year prior to our first case, Dr 
Gloxor, then my associate, did romoxo a xentncular ancurxsm using a purse string suture 
technique The patient did not surxixe hut tins probablx xxas not related to the tech 
niquc, there was an abdominal oompbcalion \\c think that if Dr Jones xxould get one of 
(Iioso special clamps which arc axaihble from the Pilbng Company, ho would not liaxo to 
worry about breaking it 

Dr Cooleys fascinating ea«e of repair of the nrutclx perforated xentncular septum, 
of course, clearly shoxxs the surgical possibilities la chronic aneurxsm of the septum 
lint IS not a very common form of xcntriciilir aneurxsm but it does occur, and I cannot 
imagine any way of treating it except by the use of cardiopulmonary bxpass and an open 
technique As a matter of f ict, Dr Lillchei has already removed a ventricular aneurysm by an 
open technique 



CLINICAL EVALUATION OP TUB SUKGICAL TIU5ATM15NT OB 
TIIIRTV-TWO CASES OP COKONARY AR'J'LRY DISEASE 

N. A. Antonius, A. D. Ciuccca, M.D,/'*' and G. Mas«aiuclli, M.D.'*' 

Newark, N. J. 

T he ultimato objective in the approack to the problem of arteriosclerosis of 
the coronary ai-teries is prevention. Since a reliable method of preven¬ 
tion has not yet been developed, attention luust be directed toward overcoming 
the effects of occlusive narrowing of the coronary arteries. Surgical revas¬ 
cularization of the heart provides a means of improving coronary circulation. 

Schlesinger and ZolL have shown that only the lai’gcr coronaiy arteries 
are affected by arteriosclerosis. The smaller arteries, and the veins a)id 
capillaries are not involved. These vessels, therefore, do not offer an obstruc¬ 
tion to coronary blood flow. If oxygenated blood could be delivered to the 
uninvolved vessels, and the blood were ecputably distributed tbroughout the 
myocardium, it is conceivable that the effects of diminished coronary infloAV 
could be overcome. 'J’hc validity of this theoiy has been dcmoiistratcd in the 
aniinal laboratory. Beck has .shown that the mortality and the size of an 
infarct resulting from sudden occlusion of a majoi- coronary artery can be 
significantly reduced in dogs following the Beck 1“ and Beck Ji'‘ opoj'ations. 
'I'hese operations also produce a significant increase in coronary backflow as 
demonstrated by the Mautz-Gregg backflow studies.' 

I'lie results of these experiments have led to the development of certain 
principles required of a successfid I’cvascularization ])roccdurc. 'J'hese prin¬ 
ciples include: (1) the delivery of an additional quantity of oxygenated blood 
1o the ischemic areas of the heart, (2) the utilization of existing anastomotic 
channels, and (3) the stimulation of new intej-coronaiy communications to 
provide a more equitable distribution of oxygenated blood. 

Unfortunately, translation of laboratory data to the human being cannot 
be done with certainty. Objective demonstration of the value of a revascu¬ 
larization procedure cannot be obtained in the human being at this time. Re¬ 
sults, therefore, must be evaluated on the basis of (1) amelioration of 
symptoms, (2) ability to j-eturn to work, and (3) length of survival. Proof 
of the feasibility of sui'gical revascularization of the heart must depend uiion 
evaluation of a large number of cases closely obseiwed for a long period of 
time. 

Rucoived for publication Jan. 1C, 1957. 

•Department of Cardiology, Saint Micliael’s Hospital, Newark, N. J. 

♦‘Department of Tlioraclc Surgery, Saint Michuel’,s Hospital, Newark, N. J. 
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SFr,rcnoN op c»s.ts lOR subcieb\ 

.\s an aid m the seleetion of nses foi suigtij the status of the patient 
\Mth Loiomij iirtciy disease uas classified according to the following cate 
gouts 

1 As>nii)toniatic Those pilicnts who haic had pieiions nijociidnl 
inlaitlion hut who no hmgci ha\e sMiiptoms U was assitiutd that collate! il 
cn(nl.ition dtitlopcd to such a dcgicc is to oicitonie the effects oi coionaiy 
occlusion and suigci.s was not indicated 

2 I’logtcssuc Those cases in which the collatcial ciiciilation is un ihic 
to keep paie with i i ipidlj idiuntmg disease piocess IXisting collatii.d 
ciieiilation w is consideied to lit inadequate ioi the patient to withstind 
surgeiy 

3 St dnli/cd Patients with angnn pictoiis that is stahili/ed with ic- 
gaid to freqiiino and st\eiit> of attacks This tjpe ol indiMdiial lepicsciits 
the ideal e iiidid itc foi siirget \ 

f Par Advanced 'Ihose patients who have soveie coionaiy aitoij dis¬ 
ease with advanced iiivoiiidial degcnciation and icplaceiiicnt fihiosis Ob¬ 
viously, suigeiv can he ol little v line in this ginup since levasciilaruation 
cannot altoi the iiioversihle nijoi irdi d eh inges 

In the 11101 c specific selection of cases foi siugcij the following con 
sidiqations arose 

1 -\ge Age pi I so vv is not a factor in the selection of eases foi siiigoiy 
iscept till the Beck 11 oiieiation mid coiiihiiiul pioculiires Plijsiolngic age 
was considcicd to ho of gic itci iiupoitanee than ehioiiological igc 

2 Sex Sex was not an iiiipoilant tactoi in the selection of candidates 
for sill gcry 

3 Time of Suigeiv Snigciy was not piifoiiiied foi at least six months 
after eoron irj oieliision This time iiitciv il was fixed aihitiaiilj' to asceitam 
the degiee of aiiistomotic eiiciilation that in ij have developed after infaic 
tioii If sufiieiciit collatcial ciiculation had developed, suigeiy was not 
deemed necessaiy 

4 Angina Pcetoiis Angina of effoit repusented the piiiiie indication 
for suigeiv It is impoitant to cmphasi/e that the angina had to ho stabilized 
with regard to ficqiiencj and seventy of attacks Stitiis anginosiis and 
angina dcciilnliis contiaindicated siiigeiy 

5 Ilypeitension Patients with severe dcgiecs of hjpeiteusioii weie 
not accepted foi siiigeiy A mild oi moderate elevation of blood piessuie 
without evidence of systemic degcnciation vv is not consideied a contiaindica 
tioii to surgeiy Blood piessnie was in impoitant factor in the selection of 
p itients foi the Beck IT opci ation and combined piocodmcs 

6 Hcait Size and Congestive Piilnie The ideal candidate should not 
have evidence of caidiic enlaigemcnt oi congestive fuliiio A slight degiee 
of enlaigement and mild congestive failme vveie accept Paticn i 
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more than minimal cardiac enlargement and evidence of persistent or pro¬ 
gressive cardiac decompensation have advanced myocardial degeneration 
and fibrosis and cannot he aided by reAmseularization procedures. 

7. Disturbances in Rhythm: Sni’gery Avas considered to be hazardous 
in the presence of arrhythmias since they are generally associated Avith ex- 
tenshm myocardial damage. 

8. Associated Conditions: Advanced medical diseases such as general¬ 
ized ai’terioselerosis, pulmonary disease, hepatic or renal failure contraindi¬ 
cated surgery. 

PREOPERATIA-E AND POSTOPERATIATi: CARE 

All patients selected for surgeiy Avere admitted to the hospital one Aveek 
prior to operation. Laboratory examinations included a standard 12-lead 
electrocardiogram, x-ray and flxioroscopic examination of the chest in the 
posteroanterior, left anterior oblique and right anterior oblique AdeAvs, com¬ 
plete blood count, sedimentation rate, nonprotein nitrogen, urinalj^sis, and 
serologic test for sj'^philis. It has been our practice in the past three years 
to digitalize completelj’’ all patients routinely prior to surgery. Mercurial 
diuretics Avere administered if there Avas any suspicion of cardiac failure. 

PostoperatiA’’ely, the patient Avas placed in an oxygen tent for tAventy- 
four hours. A pleural drainage tube Avas attached to a Avater seal and remoA'’ed 
tAventy-four hours after drainage stopped. Digitalis Avas continued post- 
operatively. Bronehoseopic examination and removal of bronchial secretions 
Avere performed as neeessaiy. An electrocardiogram Avas obtained on the 
second postopei-ative day and at the time of discharge. A portable film of the 
chest Avas taken on the first postoperatiA'^e day and films compai’able Avith 
preoperatwe x-rays Avere obtained prior to discharge from the hospital. Nar¬ 
cotics Avere administered for the relief of pain. Blood transfusions and intra¬ 
venous fluids Avere used only Avhen indicated. If necessary, blood pressure 
Avas maintained by the sIoav, continuous, intraA'enous drip of LeAmphed. 
Antibiotics Avere administered routinelj^, postoperatNely. Skin sutures Avere 
removed on the tenth postoperatNe day at Avhich time the patient Avas per¬ 
mitted out of bed. Physical acthuty Avas restidcted for the first month and 
then increased graduallj^ until the end of the second month Avhen full ac- 
thdty Avas resumed. Digitalis Avas continued until the end of the second month 
postoperatively. Nitroglycerine, gr. %oo oA’-eiy three hours, Avas admin¬ 
istered during the first three postoperatwe months. The patient Avas permit¬ 
ted to retui’n to Avork betAveen the fourth and the sixth month. 

RESULTS 

This series includes 32 patients AAotli coronary artery disease operated upon 
during the past five yeai’S (Table I). 

Age .—The youngest patient AAms 32 and the oldest Avas 64 years of age 
at the time of surgery. The average age of the entii’e group Avas 44 years. 
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Ser —Oiilj o 111 tlio 32 pitients iicic Icinilcs No attempt i\.is made to 
ONoliide .1 pilKiit fiom siiifjeij soltlj on the basis of sex The higliei m- 
luU’iuc (It tmoiHis aitoij disease in the male ind his dcsiic to seek le- 
liabilitalioii utio tlio cliitf ilmsohs atcountiiig foi the sox dilfoitntnl 

-lapiiirt /'(cfons—All patients siibiceUd to suigiiy hid angina pectoiis 
Nineteen of the 32 patients had to discontniiie (iiiplojmciit The lemaming 
13 patients had to change to emploj nitnt ivhieh requntd less phjsieal and 
imotional effoit or eontimie then oeinpitinn despite xaiynig degrees of 
disability The dcteimninig faclois ni the selection of cases foi suigoij iveio 
the fieguency and seventy of anginil attacks, and the dcgico of incapacita¬ 
tion Of the 32 patients, 28 had iiiodeiatc to seieie angina nith attacks ap 
pcarnig on nalking thiee cily blocks oi less In the lemaimng eases it was 
less SOS ere In 18 of the 32 cases, angina had been picscnt foi ti\o jeais oi 
iiioie 

Of the 23 patients who weie followed up to fisc ycais postopeiatuely, 24 
or 82 7 per cent h id an excellent iisiilt Tluy aic completely fico of angina 
and have been able to rctinii to then foimei ocenp.itions In one of the le 
maining cases the pitniit continues to base angini, but of much less fie- 
(lueney and sciciity than bcfoio opei.ition Uo has been able to ictmn to 
part-tiiuo woik Theio woio 2 fan icsults These occulted in patients who 
had an omcnlopoxj operation in addition to the Beck I opoiation Two 
patients had a pool result One died eightitii months aftoi a Vinebeig 
operation The other has had lepcatcd angina and setoial episodes of myo¬ 
cardial infaiction and is still unable to resume his foimor ocenpation 

The most di niiatie icsults weie obtained following a successful Beck II 
operation 

Previous ^yocnidtal Infatclton —Foi the puiposo of this study an at¬ 
tempt was made to accept foi smgen onls those patients who had definite evi 
deuce of coionary aiteii disease Tlicicfoic, pieiioiis mvocardial infarction 
was an impoifant fiotoi in the selection of pilients foi opciation A defi 
nito history of myocaidial infaietion was obtained in 28 of the 32 oases 
Thirteen of the 2S patients had inoic than one iiifaiction Of the lemaimng 
ones, 2 had strong but not couelusnc ciidenee of coionaiy occlusion Two 
patients did not have a history of infaiction 

No p iticnt was opciated on sooiiei than six months following coronary 
occlusion The longest mtciial between infaiction and surgoty was seaen 
ycais 

Cardiac Enlargement and Congestive Pailuie —Definite left ventiicular 
enlargement was present in 7 of the 32 cases One of these patients had 
marked enlargement of the heait avith an adianced degree of congestive fail- 
uie He died on the opoiating table Of the lemaming G patients, 5 had 
associated dyspnea on excition Fnc patients had excitional dyspnea avith- 
out evidence of cardiac enlaigoinent One patient had paroxysmal noctuinal 
dyspnea All patients were lelievcd of their dyspnea postopeiativoly, and 
m all cases the heart size returned to normal 
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Table I. Summary op the Clinical History and Operative Eesults of 
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- 
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6 S. M 53 
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+ 
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Right bun¬ 
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2 

7 T.W. M 3S 2 
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Nocturnal 
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1 

S W. K. M 45 

1 
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- 

- 

- 
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1 
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1 
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- 

— 

— 
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1 
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3 
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13 D. C. M 54 
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+++ 
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{For footnote, see pcige 74*) 
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RESTIVE 
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1 IX 
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NAME 

SEX 

AGE 
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riNEBEEG 
14 S. F. 

M 

55 

I 
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Exertion 

- 

- 
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15 A. H. 

M 

32 

0 
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- 
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16 

P. S. 


64 

4 
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- 

- 
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53 
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^Measured as ability to walk city blocks. 

teases 22 23, 27-32 had first stage Beck II operation. Thrombosis of the vase 

graft was noted at the time of the second stage operation. A Beck I procedure was 
formed at the time of the second operation. 
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Hypertension .—^Patients with more than a mild or moderate degree of 
hj-pertensioii were not considered for surgery. Only one patient (Case No. 19) 
had a past history of hypertension, and he was normotensive at the time of 
surgery. 

Operative Complication. —The most common operative complication was 
the appearance of cardiac arrhythmias during the induction of anesthesia 
and during surgery. Although many types of ai’rhythmia Avere observed the 
most frequently encountered Avere nodal cxti-asystoles, nodal rhythm, inter¬ 
ference dissociation, and auricular and A'entricular premature contractions. 
These abnormalities appearing early in the operation Avere not considered to 
be hazardous and usually subsided A\'ith either adequate oxygenation or 
temiDorary cessation of the operative procedure. Ventricular extrasystoles 
uniformly appeared during abrasion of the epicardium and during procedures 
immlAdng manipulation of the A'-entricles. 

There Avere four instances of serious cardiac ari-thyhraia. Cardiac arrest 
occurred in 3 patients. Tavo of these died; one on the operating table and 
the other on returning to his room. The third patient is altye and free of 
symptoms. In one ease ventricular tachjmardia occurred during the induc¬ 
tion of anesthesia. Surgery Avas canceled and the tachycardia reverted spon¬ 
taneously. When surgery Avas performed tAvo months later, ventricular 
tachycardia appeared during abrasion of the epicardium. IntraA'’enous pro¬ 
caine amide controlled the rhjdhm and the patient had an uneventful post- 
operattye course. 

Operative Mortality. —There Avere three operatiA’^e deaths among the 32 
patients, gtying an operative mortality of 9.4 per cent. Tavo of the deaths 
Avere in the younger age group and Avere among the first 6 patients subjected 
to surgery. One patient died of cardiac arrest at the conclusion of the first 
stage of the Beck II operation. The second patient had a “bloAvout” of the 
aorticosinus graft on the thirteenth postoperatiAm day. This Avas the only 
patient Avho received anticoagulants postoperatNely. The third patient died 
of cardiac arrest during a combined Beck I and Vineberg operation. Left 
bundle branch block preceded the appearance of cardiac standstill and ap¬ 
peared as the internal mammary artery Avas Ijeing implanted in the Amn- 
tricular myoeardium. In the light of our present concepts, this patient Avould 
not noAV be considered a candidate for surgery since he had eAddence of gen¬ 
eralized arteriosclerosis, congestive failure, and marked cardiac enlargement. 

There Avere no deaths among those patients undergoing the Beck I op¬ 
eration. 

Postoperative Complications. —^In all cases special care and attention had 
to be directed to the respiratory system. Retention of bronchial secretions 
Avith subsequent pneumonitis and localized areas of atelectasis Avere frequent, 
but not alarming, postoperative complications. In one case, bronchopneu¬ 
monia Avas of sufficient magnitude to retard a smooth postoperatiA'^e course. 
Significant atelectasis developed in one patient, and empyema occurred in 
one. Although small quantities of pleural fluid dcA’eloiAed in almost all cases. 
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ii llionicciitosis was required on only two occasions. In one of tlioso lionio- 
tliorax was i>rescnf, I’ostopcrafivi' pulmonary infarction occurred in 2 eases, 
(iastric symptoms and siqiis of diaphraRoiatic irritalulity were noted after 
omentopexy. 

One patient, had postoperative hypotension of such a decree tiiat fjcvoplied 
liad to 1)0 adniinistercil hy continuous ititravenous drip until the fifth post¬ 
operative day. Two juitients developed sinus tachycardia. In one, it was 
mild and transitory. In the other, it per.si.sted until the thiidcenth po.st- 
operative da.v. In neither ea.se was there any .serious consequence of the 
taeh.veardia. 

All patients hut 2 were i-elicved of their anqina durinp: the immediate 
I)o.stopcrative period. One patient, who had postoperative anqina, developed an 
acute anterior myocardial infaretion on the fifth postoperative day. He rc- 
eovered and has i-cturncd to full-time work without disal)ilit.v. The other 
patient had severe aiiqina on the nineteenth postoperative day. 

Siqns of pericarditis, as indicated hy the appcai-ance of either a friction 
rub, chest pain, nr electrocardiographic cliaUKCs wei'c ohsci’ved in all cases. 
The friction ruh was audible almost immediatel.v after surgery and persisted 
until the fourth or fifth postoperative day. In no case was there significant 
pericardial effusion or evidence of eon.strictive pericarditi.s. 

In S (Cases 22, 2:1, 27-;i2) of the 15 patients who underwent the Beck II 
operation, thrombosis of the vascular graft was found at the time of the 
second-stage operation. A Beck I in'oeedurc then was performed in these 
oases. Two patients who submitted to the first stage of the Bock I operation 
refused the second stage. In only 1! cases was the graft known to be patent. 

Blccirncardingriim .—An abnormal electrocardiogram, including definite 
evidence of previous myocardial infarction, was obtai)ied in 28 of the 32 eases. 
'I’wo patients had right bundle branch block. There were no cases of left 
bundle branch block. All patients had a regular sinus rhythm. Electro¬ 
cardiograms taken on the .second postoperative d.ay .showed either no change 
in comparison with prcopci-ativc tracings or evidence of pericarditis. The 
changes attributed to pericarditis usually disajjpeared by the end of the first 
month. In general, late ]) 0 .stoporat.ivc graphs were essentially unchanged 
over preoi)erativo tracings. 

Long-Term Deaths .—Of the 29 jniticnts who survived surgery and who 
have been followed up to five years, only one has died since surgery. This 
patient had severe coronary artery disea.se with poi-sistent angina. He died 
eighteen months after a Vineberg operation. 

DISCUSSION 

Two types of death result from coronary artery disease. The first is due 
to the appearance of ventricular arrhythmias. The second is the result of 
progressive myocardial degeneration. The former accounts for 90 per cent 
of deaths due to coronary artery disca.se. In many of these eases the actual 
pathologic damage to the heart is usually slight, and it would appear that 
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the heart could still function adequately if only the rhythm could be pro¬ 
tected. Arrhythmias appear when areas of unequal oxygenation of the myo¬ 
cardium are adjacent to one another. Hari-is and Eojas® demonstrated that 
ventricular extrasystoles arise from this area. Brofman and his associates® 
have been able to demonstrate that imequal oxygenation of the heart can 
result in ventricular fibrillation and death. Protection is dependent, in part, 
upon an equitable distribution of oxygenated blood throughout the myo¬ 
cardium. The intercoronary channels are an important mechanism of pro¬ 
tection. They may develop naturallj’- during the course of coronary artery 
disease. Failure of these anastomoses to develop can result in sudden death 
or progressive myocardial degeneration. One of the major objectives of 
surgical revascularization of the heart is to promote increased utilization of 
existing intercoronary channels and to stimulate the development of new 
anastomotic communications that will provide a more equitable distribution 
of oxygenated blood, and thereby protect the heart from the serious effects 
of coronary artery disease. 

It must be realized that revascularization procedures do not stop or revert 
the progress of the vascular arteriosclerotic process. Dead muscle cannot be 
revitalized or replaced. Consequently, surgical revascularization cannot be 
applied to all patients having coronary artery disease. Those patients in 
whom the disease process has progressed to such a degree as to cause irre¬ 
versible nijmeardial degeneration, or those patients in v'hom revascularization 
of the heart cannot keep pace with a rapidl}^ advancing disease process, will 
not benefit from surgery. Those patients who present evidence of moderately 
advanced coronary arteiy disease as manifested by a slight degree of cardiac 
enlargement and minimal congestiAm failure in tlie presence of stabilized 
angina of effort represent borderline cases. As Avas observed in this series, 
the results are usually beneficial but a good result cannot ahvays be expected. 

The operatiAm mortality for surgical rcA^ascularization of the heart is not 
undiilj'' high, considering the nature of the disease process. The OA’^er-all op¬ 
erative mortality in this series Avas 9.4 per cent. Tavo of the deaths occurred 
in the early years of the study. There Avas only one death among the last 26 
cases, resulting in a mortality rate of 3.8 per cent. A careful and intelligent 
choice of candidates for surgery and the selection of the proper surgical pro¬ 
cedure for the individual case AAdll loAver the operative mortality and increase 
the number of patients benefited by revascularization of the heart. In spite 
of these precautions, and because of the seriousness of the disease process, it is 
unlikely that the operative mortality Avill be reduced beloAV a certain minimal 
leAml. 

PostoperatiA'’e complications Avere not excessiAm. Careful attention to 
the ph^miology of the respiratory system can alleAuate greatly the frequency 
and severity of postoperathm complications. The most common problems are 
those related to retained bronchial secretions A\dth subsequent atelectasis and 
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pneumonitis. Altliougli .surgery i.s performed on ii diseased licnrt, tlie com¬ 
plications arising from tlio cardiovascular system arc less than would bo an¬ 
ticipated. 

Tile results of surgery in this series of patients have been most gratifying. 
In over five years of postoperative observation, tlierc has been only one long¬ 
term death. (1f the surviving patients, 82.7 per cent have been almost com¬ 
pletely reliove<l of angitia and have been able to return to their former oc¬ 
cupations, Two of the patients in this series have shown little improvement, 
but are in t\o worse condition than preoperativcly. Only 2 of the patients in 
the series had a poor I'csult. 

0 renter emphasis should be placed on the principles of coronary artery 
surgery rather than upon individti;il surgie.-d techniques. Any oi)eration that 
is designed to revnsenlarize the heart should be tested in the animal labora¬ 
tory before being applied to the linmnn being. The Ileclc I operation fulfills 
the laboratory criteria for a sncee.ssfni .surgical procedure. Clinical e.vporienco 
indicates that this operation permits a rather wide latitude in application. 
The operative mortality is low and the results of surgery liave been favorable. 
Combined procedures are not recommended tor routine use. 


.SU.M.U.UtV .1X1) CO.N'CI.USIOX.S 

1. The results of the surgical treatment of coronary artery disease in 32 
cases together with a five-year follow-up are presented. 

2. Surgical revascularization of the heart in properly selected patients 
is an important and valuable method of treatment of coronary artery di.sen.se. 

.3. laboratory c.vpcriments and clinical e.'cpericneo indicate that the Beck 
I operation, at present, is the procedure of choice in the surgical treatment of 
coronary artery disease. 

TIio iiutliors wish to oxtoiel their .-ipprccintion tf* tiic New .Torsey Stole Dopartment 
of Kealtli for the cooperation an<I nssintniice recciveii in tlie pcrforninnce of this .stiuly. 
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CASE OF GEANULAE-CELL MYOBLASTOMA (OEGANOID TYPE) 
INYOLVING AEM, LUNG, AND BEAIN, WITH 
TWENTY YE AES’ SUEVWAL 

J. M. Meredith, M.D., Saul Kay, M.D., and Lewis H. Bosher, Jr., M.D. 

Eichmond, Va. 

S UEVIVAL of twenty years or more is rare in a ease of malignant tumor, 
proved histologically, after extensive and multiple metastases. 

INTRODUCTION 

In 1953, a long survival with a malignant melanoma was reported by 
Galgano.® It was unusual because of the long time between the detection of the 
primary lesion and the subsequent fii’st appearance of pulmonary metastases, 
and the unusually long time between the development of metastases in the lung 
and the death of the patient. The primaiy lesion was in the sldn of the right 
temple and proved to be a melanoma histologically. It was not until eleven 
years later that any pulmonary s.ymptoms developed showing, by x-ray examina¬ 
tion, a small nodule in the left lung. There was an additional long interval 
of nine years between the detection of pulmonary metastases by x-ray examina¬ 
tion and the death of the patient, in all, a period of forty years from the de¬ 
velopment of the original sldn lesion until a fatal issue ensued. The patient 
finally died at the age of 86 (her first sldn lesion having developed at the age of 
46) of widespread pulmonary and other metastases. 

In 1952, Picarra’^ described a similar ease (with post-mortem examination) 
of a patient, twentj^ years after a bilateral mastectomy for carcinoma. The 
author presented his case as an instance of so-called “tissue resistance” to 
cancer. There must be, he thought, some type of immunitj' or pseudo-immunity 
to cancer in certain fortunate individuals to account for the long coui’se of 
disease occasionally seen in verified cases of malignancjL No matter what tenn 
is used, many clinicians have observed that of 2 patients with the same type of 
cancer, of approximately the same age, with the same duration of the primary 
disease, one patient may die within a year or less and the other may survive for 
decades. In the ease reported by Picarra, that of a 60-3’’ear-old woman, the 
patient had had a bilateral mastectomy for carcinoma twenty years previously 
and had not received any x-ray therapy post operatively. She had carried out 
her usual family duties, her health had been good for almost twenty years after 
the bilateral mastectomj'- until several months before her death when she de¬ 
veloped loss of weight and a nonproductive cough. One month before her 
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liospitnli/ation, ascilcs iIba eloped At autopsy, oueer nodules wcic found 
from lio.id to knees and at both elbows No inctastascs were found ui tl>e c\- 
tiemitics be\oud the elbows oi knees The skeleton and the \iscera wcie studded 
with adenoearemomn One of the photoftiaphs shows the omentum which was 
Iiteialli iiddicd with mctistatie caneer nodules The author csplains the 
abseiieo of iiietastases below the elbows and knees by the imcstifiations of 
Balsoii who, III into, showed the fimetion of the sertebinl reins and then 
inipoitaneo in the spiead of inetaslases These \eins esteiid from the coeew 
to the skull and eomniunieite with the reins in the iibs slioiildor stndle, pciric 
f'lidle, up)iei end of the hnmeiiis and femni Tn this case, the lesion rras the 
usual r iiietr of adenoearcinonia of the breast Tt was not cren knorrii, the 
oiieiations hum); been (allied out in a distant eountij, rrhetbei Cfirlt bicasl 
rras ntrolred oiiKinallr in eaitmoma 

Iluteheson" lepoitid in nVl, a ease of metastatic cjst adciiocaiemoma of 
tlie orair thiitr tliico resrs aftei icmoral of the primiij giowth This is also 
an (\tieine esiinple of the abilitr of ninliRnant cells to rcinani doimant foi 
lontr jieiiods and then to piolifei ite asaiii This particular tiimoi caused death 
tliiitj thiec rears aftei lenioral of the priinarr pclric "rowth without harintr 
Siren use to sjniptonis diiiins the long intciim Iteoiiiience, reiified at post 
mortem esamination, in the pelris and lower abdomen rras detcetod onl> sis 
months beloio death r,demn of the lorrei csticmitics then dercloped The 
11 itieiit had been cntiielr well from the time of the original opciation and tumoi 
icmoral thirtr thico jenis picriously until the teimiiial edema A complete 
iieeiopsr showed no otlioi pinnar.r tiimoi 

Hercsand Ifoiiax* described (1050) a case of metastatic (biain) melaiionia 
cstiipated from the left frontal lobe, rrliieh rras the sire of a duck’s egg, after 
pier ions mclanoinas had been loniorul from the breast and asilla in a 57-ycai- 
old man The patient was alire, well, and working as an insiiianee salesman 
almost foui reals later The oinpiint daik mole bad been rridely excised fiom 
the left shouldei trro jcais bcfoie craniotomy 

These cases aie examples of latliei common tjpes of iiialignaiicj, but the 
(aso to be lepoitcd, as the title of tins pipci suggests, is of obscure histologic 
oiKjm and theicfore of added iiitciest foi that icasoii alone 

erSF nFPOKT 

t* It, a It 3 rnr oM white in in (rtfcrreil lir Dr Artliiir IJniihlcr, (it tli(,Iiniona, X a ), 
u IS ndimttcd Awff 9, J952, for tlio first time to the Ardital College of Virginia Hosjiital 
for treatment of presumabh nictastntic tumors of the left lung Past liislor\ distlosetl 
that in lO'io, nhen tlic patient was IS# a mass was rcmoveil from the right hieeps muscle 
lu mother hospital After consulcrahle microscopic stiulj, the Inial diagnosis at that 
time Mas lioraangio endothelioma In the spring of 193h, x ray films of the chest reiealcd 
three no«Iules in the left lung and seierol questionable nodules in the right lung The 
patient was given 500 r of x nj thernp> to the lungs from the spring of 103G to the spring 
ot 1037 Subsequent periodic chest x raj examinations had continued to show a persistent 
shadow m the basilar region of the left lower lobe, and so\ oral rather (picstionablo den 
sitics 111 the right lung field There had been a alow, progressno enlargeinent in the left 
lower lobe lesion from 2 cm in 1037 to 4 cm in 1052 ("Figs 1 and 2) 
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Fig 1. Fig. 2 

Fig. 1.—Roentgenogram of chest made in 1937 which shows well-defined round density 
in left lower lobe (aiTow). 

Fig. 2 —Roentgenogram of chest made in 1952 which shows increased size of density 
noted in 1937 film (arrow). 



Fig. 3.—Ventriculogram showing distortion and compression of right lateral ventricle by 
intracerebral metastatic tumor, with shift of ventricular system to the left 
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ilio patiiat laid rcnminod nsjinptonmtic dtirmj? vears n;nl li id Imd no cough, 

^^cJ4ht cJiost |min, or heinoptx-is Tlii ri. Imd httn Ho ot local rtcurrinrc 

of tlio prjnmr\ Usioii J)iiring Mm past two month'', howMti^t Mm [uitunt It ul toniplniiictl 
of dath frontal licatltu lies and bilntiral tiiinitiw, ii< itlicr of vaIiicIi he had cm r had betore 
ir« was •'ccri li\ the »ieurosurgt.ons prior to hi- pn-enl idnnssinn uid no objectne e\nlenee 
of intrmramnl imtaslasis or of incrMisod intniLranial pres-uro was foutul 

I'hjsical tvaimmtitm n\eiKd v (unpirvtwri, 08 T, pnlsi. 72, and respirations 
l(> llio langs \r*.T\ ckar to pi rews^ou and aw-ctiUatvon SsitU no riks present Results of 
all olhtr eaaunailions wire al-o mgati\e 



Fig 4 —Vrtlsta drawing aliowlni^ location an I anpearunce of single deep metastatic 
lesion In posterior a-pcct of right frontal lobe The sumller flgnri, shows the location of the 
bone flap 

r aboratorv finding> weic n<mcoutrilmtor\, cveept for the chest rociUgeuogr im 
llus rcsoalcd a well rounded no Utlo in the region of the lateral basal segment of thi. 
left lower lobe No difinite nodules were -een in. the right lung fiU Is at this tunc 

On tho thirl hospital da\, a left thoracotoina was done \ large nodule measuring 
appro'timatclj 4 cm m diameter was found in the lateral basal segment of the left lower 
lobe There were two smaller nodules, each less than 1 cm in diameter, in the anterior 
and posterior segments of the lett upper lobe, TCspecti\eU A ba-al segraontnl resection 
and wedge resection of the smaller nmlules in the upper lobe were done 

The patient was discharged \ug 23, l%i, but two daas prior to discharge, a pHno 
gram of the imhf thrsl re\ealed an area of density 2 cm from the posterior wall which 
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suggested a metastatic nodule. Tlie patient was to return in three weeks for an explora- 
toiy thoracotomy on the right side. 

However, during the interval at home, the headaches which the patient had ex¬ 
perienced prior to chest surgery returned (one week following discharge). These were 
more severe than previously and were confined to the frontal and occipital regions. There 
were no localizing neurological symptoms. The patient was hospitalized again at the 
Medical College of Virginia Hospital on Oct. 2, 1952, for further studj% 

Physical examination then revealed a bilateral papilledema of three diopters. The 
reflexes were slightly more active on the left side. A craniotomy was performed on Oct. 
9, 1952, for a “probable metastatic lesion in the right frontal lobe,” the ventriculogram 
having suggested such a lesion (Pig. 3) earlier on the same day. 

After opening the dura, a soft area was evident in the right posterior frontal region. 
A circular wedge-shaped portion of the cerebral cortex and subjacent ndiite matter was 
removed down to and overljdng a Arm, well-circumscribed, small tumor nodule, about 2 
cm. in diameter (Fig. 4). The mass was enucleated in its entirety. The bone flap was 
discarded because of cerebral edema. Portions of the tumor were sent in a sterile con¬ 
tainer to the tissue culture laborator}’’ at the Columbia-Presbyterian Medical Center, New 
York City (see below). The remainder was utilized for pathologic examination. 

The postoperative course was entirely satisfactory and the patient was discharged 
twelve days after the operation, to be followed as an outpatient. A thoracotomy on the right 
side was still contemplated. 

After a tantalum plate insertion in the .skull (December, 1952), the patient having 
remained symptomaticallj' free, the right lung was explored on Jan. 22, 1953. The entire 
right lung was carefully palpated and a very small nodule (2 to 3 mm. in diameter) was 
found and removed from the inferior margin of the middle lobe. This was microscopically 
identical with the left pulmonarj' lesion removed in August, 1952. 

In 1954, he developed definite signs of increased intracranial pressure and it was 
obvious that he had multiple intracranial metastases for a year or more before death. The 
patient was then given x-ray treatment to the brain: April to August, 1954 (3,000 r— 
tumor dose). A high degree of choked discs developed bilaterally and he became blind 
several weeks before he died at his home on June 3, 1955. There were several external 
discrete nontender but firm swellings on the scalp at the time of death. A post-mortem 
examination unfortunately was not obtainable. 

Pathologic Findings .— 

IVe were fortunate in having available a slide of the lesion removed from the forearm 
in 1935. This showed alveolar groupings of tumor cells, the groups being separated onty 
by thin-walled, vascular spaces (Figs. 5 and G). The cells of the groups were large, but 
fairlj' uniform with large, bizarre nuclei and prominent nucleoli. A pseudoglandular 
pattern was sometimes distinguished, but this was thought to be artifactual. 

1. Lung lesions, August, 1952: 

Gross (S-52 5371): The specimen consisted of the basal segment of a lung 11 by 13 
by 9 cm. and weighing 99 Gm. The pleura was smooth, and a mass was palpable in the 
region of the diaphragmatic pleura. On cut section, a well-circumscribed tumor 3 by 2.7 
cm. was found (Fig. 7). This had a gray-pink color, a fibrous texture, and showed focal 
hemorrhage. The bronchus leading toward the tumor was normal. In addition, there 
were three different portions of tissue. The first was from the upper lobe, measured 2.5 
by 2 cm. and showed, on cut surface, a sharply circumscribed nodule 6 by 2 mm. The 
second specimen, also from the upper lobe, measured 2.5 by 0.3 cm., and contained a similar 
nodule 2 mm. in diameter. The final tissue was a peribronchial lymph node 1.8 by 1 cm. 
showing no unusual features. 

Microscopic: Sections of the tumor mass and smaller nodules showed similar fea¬ 
tures. Thej^ were obviously metastatic lesions and almost identical with that noted in 
the lesion removed in 1935 (Figs. S and 9). Innumerable pseudo-alveoli rather closely 
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Pie- 8. 



Fig. !l. 

Fig 8 .— Photomicrograph of metastatic lung tumor to show similar organoid pattern to 
that of the primary growth. 

jpjg g,—^Medium-power view of Fig. 8. Compare with mg. a. 
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placed nero ‘'eon; tlie'^c were mniU» up of '<liocls of Inrso, ;;rarnilnr celN with rourulod 
ve^iciilnr uucloi. The granulnrity of tho coUh vjiru*«l, beiu;j fine anil evenly distributed 
in i*omo cell'*, while in others in was eondenseil into small, atnorplioiis n;;jxre;'ate«. Stains 
for nuieiu wore ncKative, but a fat stain showed appreciable ilroplots of fat in some ureas. 

2. C'trrbrnt lesion, October, lDJ3t 

Oroii o- (h)07): The sporimen consisted of a encapsulated, nearly spJiorical, 

llrm, grayislj pink tumor, to widch n:is attached hits of blooil-staiiual brain tissue (I'l". 
10). The tumor measured l.S by 1-5 by 1 cm. and weighed 3 Gm. The cut surface wa-s 
lunnogcneou'*, nmgeuta, llrm and smooth, and surrounded by a capsule, 0.5 to 1 mm. in 
thickness. 



Flff. 10.—IloinlsccHon of mctn«t.itlc tumor from frontrd lobe. 
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Microscopic: Tlio features were similar to that noted above, and need no further 
elaboration. Dcs 2 )ito the gross impression, encapsulation was ratlier poor (Fig. 11). 

3. Lunff lesions, Janvary, 1953: 

Gross (S-53 521): The specimen consisted of two small pieces of bluish-colored lung 
tissue from the right middle lobe, and a small white jiiece of tumor tissue 5 by 4 by 3 mm. 

Microscopic: The same organoid pattern ns noted in the previous surgical specimens 
was maintained. 

I'inal Diagnosis, Granular-cell myoblastoma, organoid type, of biceps muscle with 
metastasis to both lungs and right frontal lobe of brain. 

DISCUSvSION 

This tumor is an interesting one about wliich tliere is some difference of 
opinion among pathoiogists as to its histogenesis. Three names liave been used 
to describe it, namely, alveolar soft part sarcoma, malignant granular-cell myo¬ 
blastoma of the organoid type, and malignant nonchromaffin paraganglioma. 

Alveolar soft part sarcoma was favored by Christopherson, Foote, and 
Stewart,-* and these authors reported 12 eases in 1952. Six of the patients 
developed metastases and, of these, 4 had died at the time of their report. The 
authors favored the term “alveolar soft part sarcoma” because it was descrip¬ 
tive in the histologic sense and noncommittal concerning its histogenesis. 

Smetana and Scott^’’ believed that the tumor, of which they studied 14 eases, 
was derived from nonchromaffin paraganglia. To support their thesis they cite 
the close relationship of these growths with nerves and their histologic similarity 
to carotid body tumors. In addition, the authors make reference to the finding 
by Lent Johnson of vascular glomera structurally similar to the carotid body 
in relation to the blood vessels of Hunter’s canal. 

Stout'® took issue with the term of nonchromaffin paraganglioma. He did 
not entirely reject Smetana’s hypothesis but still felt unconvinced since para¬ 
gangliomas of the carotid body type almost never metastasize, while the tumor 
under discussion is regularly malignant. Stout’s experience with the organoid 
variety of tumor comprised 11 cases studied in the laboratory of Surgical 
Pathology at Columbia University. 

Willis'® emphasized that he was uncertain as to the true nature of this 
tumor. He thought, in fact, that the term “myoblastoma” was being used as 
a “dumping ground” for all sorts of large granular-cell tumors, probably of 
diverse origins. 

This i^aper does not propose to resolve the argument conceniing the nature 
of this tumor. However, as mentioned previously, the cerebral metastatic mate¬ 
rial was submitted to Dr, Margaret Murray’s tissue culture laboratorj'^ at 
Columbia University with the following final report fi’om Dr. k'Jurray: 

This tumor grew quickly and well, and throughout the 51 days 
that it was kept in vitro showed fi-equent, usually noimal, mitoses. The 
tendency to proliferate may have been working against cell differentia¬ 
tion. The cells were of a general mesoblastic appearance and varied 
considerably in size. There was from time to time a bewildering 
variety of cell forms; but the most frequent, recurrent and recogniz¬ 
able specialization was in the direction of skeletal muscle: long, 
ribbon-shaped cells with abundant longitudinal striae were char¬ 
acteristic. These foi-ms developed in vitro from the small, roundish, 
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relatively coiiipaet cells which made tip the cxplantcd tumor nodules. 
Their nuclei al.so developed in vitro from bcinff sinnll nnd round, with 
1 or 2 nucleoli, to heiiifi larjicr. ohloiiK and vesicular, with .several 
nucleoli. These cluiuixe.s are reiuinisecnt of regenoratiuK .skeletal mus¬ 
cle. and of the licliavior of adult skeletal inii.sele in vitro. Mnltimiole- 
ato celts, anastoiuosiii" ribbons, and large cells containing liizarrc 
innltilolmte nuclei are also present. The.se too arc eon.si.stcnt with the 
picture of skeletal inusele—both nonnal and neoplastic. 

Thi.s could be a f/ivinMfrtr cell mii<ihlns(oina. Apparently those 
tumors are rather protean in their inanifeslation.s in vitro—but most 
of the charaeteristie cell types seen in cultures of them arc also ehar- 
aetoristie of some form of skeletal mnsele. This principle applic.s in 
Ibis tnmor. From its behavior in vitro. I do not .see any grounds for 
aligning this tissue with the paraganglioma.’' 

Kelly and bangston'- totaled the knotvn eases of pulmonary icscetioii for 
mctaslatic inalignane.v and found 109 instances with a ttvo-.ve.ir survival rate of 
29.2 per cent, A number of long-term “cures” wei'c rclJorlcd, however. The 
resnlt.s with sarcomas have been at least as satisfaetoiy as with metastatic 
carcinoma. 

Bilateral resection for metastatic pulmonary malignancy has been per¬ 
formed in only a few cases. Alexander and Haight’s patient’ who bad Iiilateral 
pulmonaf}’ lobectomy after removal of a ncnrogeiue sarcoma of the forearm was 
known to be well twelve years after the second lobcetomy. Hood, JtcBurney, 
and Clagett”’ recorded a patient who had hilatcral pulmonaiy rc.scetion for 
metnsta.scs eleven and fourteen yearn after c.vcision of a fibrosarcoma of the 
leg. She was well forty months after the last oiieration. Chnreliill* mentioned 
a patient who had been treated with bilateral partial lobectom.v. In addition 
to the patient reported hero, we arc famili.ir with 3 additional nnrejiorted cases 
of bilateral pulmonary resection for metastatic malignancy.”' ’ 

Efforts to eradicate both pnlnionaiy and cerebral malignant deposits are 
not likely to prove successful cxcejit in the very rare instance. This aggressive 
surgical approach could be expected to yield best results in the patient whose 
primary lesion is located in the lung. In the bondon Hospital autopsy records 
tliere were 85 oases of primary carcinoma of the Inng associated with cerebral 
motastases. In 20 of the 85 c.ises, a solitary cerebral inetasfa.sis was demon¬ 
strated. Sporadic reports have appeared in the literature describing excision 
of apparently solifanj cerebral metastasc'i some time after pulmonary resection 
for primai’y lung tnmor. 

Reports of c.xcision of both metastatic pulmonary and cerebral le.sions are 
far more rare. Efller and Blades” reported a case of adonoearcinoma of the 
colon with resection of the primary lesion, subsequent pulmonary lobectomy for 
metastasis and finally excision of a cerebral metastasis two 3 'cars after removal 
of the primary tumor. 

A remarkable ease was described by Moore, Porese, and Staubitz" in which 
removal of a testicle for teratocarcinoma was followed successivelj' bjf craniot- 
oms', pneumonectomy, two additional craniotomies and, finally, by excision of 
an isolated jejunal lesion. The patient was alive and well at the time of the 
report four years after the orchiectomy. '■ « 
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The aecumnlated experience in the treatment of multiple metastatic pul¬ 
monary malignancy is obviously rather meager. We are unaware of any pre¬ 
vious attempt at bilateral pulmonary resection with excision of cerebral 
metastasis as Avell, such as was performed on our patient.’® 

SUjMMARY 

In summary, the ease of a white man is presented who, at the age of 18, 
developed a soft tissue tumor in tlie right bicei)s muscle. This was excised and 
was followed 17 years later by surgically verified bilateral pulmonary and 
cerebral metastases with fatal issue almost three years after the removal of the 
latter lesions and twenty years after the original appearance and excision of 
the soft tissue muscle mass. In our opinion, the tumor was a granular-cell myo¬ 
blastoma of the organoid type. Tliis interpretation was in part supported by 
the results of tissue culture studies of the cerebral metastasis. 
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Sl’ONTANEOUS BlEATERAIi CUVJjOPNEmiOTIIOR^^X 
A C l‘'L Rl I’OIIT 

RiritMti) A DiiLMti), 3FD, \\i> Ri-v B Pfkkivs, JF D 
Birmingiivm, Al\ 

S POKTANKOUS ehjlopneumothoiav is a taie condition AVc have been un¬ 
able to find any lopoitod case of spontaneous bilatcial chjlopncainollioia\ 
in the Amencan or Biitish lifciatuic and liaio found only one case of spon 
taneous cli}lopncuniotboia\ which was umlatcial * This case, which followed 
lifting?, was treated conscnatnclj' with u*co\ciy It was postulated tint the 
patient had lupturcd a pulmonaiy blob, dc\eloped a spontaneous pncuniotho- 
ia\. .ind had tom a lymphatic collatcial, gmufj use to the chylous fluid 

The following ease of hilalcial chjlopnenmothoiax was found to be due 
to a diffuse plcuial mesothelioma Pleuial mcsolholionia is of inficquont oc- 
cuiiencc and no lepmt of a case with chjlous fluid was found in a ic\icw of 
the Amciicau UtoiaUiic 


c\sv unoni 

C C ^ , s -3 ic UiTuwwRbsm Vetenn** XdmmiatrsUQtt 

Ko^iunl on April 2S, lO'O, >Mth i chief comphmt of «hortne««i of brenth for one ivceK mil 
dN^pncT. for twent> four Iiour« ITc stited llmt ho Iml lo«t weight and strength for a }esr 

Esertiorml ‘ihortnc^s of brtntli Imd lieen present for four to ‘.ix montli" There wia no 
ploural inm, no hi'^tory of traiima, nnd the past h»stor\ was negatne 
The rcMcw of u is not '•ignific'int 

The patient’s father Imd died of carcinonii of the ’’toimch, and nil of his father’s 
fannh hul dictl of cincor There wn-* no fniiiih hi'<tor^ of tuberculosis 

PhjsKal examination revealed u MnaU, thin, white man vu acxito Tcspiratorj distress 
Respirations were labored and there was sliglit infcrrosPil rctnction on inspiration on the 
right Txamin ition of (he head, e^cs, ears, nose, and tliroat reicalcd no abnormalities There 
was no neck icin distention and no cervical l>inpli nodes were p ilpable fho trachea deviated 
sUghtl) to the right The entire right chest w is dull to percussion and the left bi‘*e also 
Tictile fronntua was reduced and brcith and voice sounds absent over these same areas 
Xo friction rub was heard Clubbing of the fingers, vrith l} inosis of the nail beds, n is 
noted The remainder of the phvsical examination was negative Fluoroscopy revciled a fluid 
level up to the fourth intercostal space on the right The initial imprcseiou of the ward 
jihjsician was pleural effusion due to tuberculosis or lymplioma Thoracentesis on the nglit 
vicldcd 1,-100 cc of milky wliite fluid The dyspnea dicreised A continuous air leik 
w IS present so a large gauge needle was left in the pleural space and attached to water seal 
drainage tVith auction, no recxpmsjon of the lung occurred A surgieal consultation was 
obtained and review of the initial chc'-t \rij revealed the prc«:cncc of ur and fluid m both 
pleural spaces with partial collapse of both lungs Intercostal catlietcr ‘•action on tlie right 
was instituted but did not re expand the lung The chvloua fluid continued to drain in 
1 irge amounts Sud m III stain of the fluid indicated a high fat content Cell studies on 
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the fluid revealed large numbers of mononuclear white cells and individual mesothelial-type 
cells with no malignant charaeteustics. The patient continued to lose 2,000 to 3,000 c.c. of 
chyle daily. He maintained a good oral intake of fluid and solid foods. 

More air began to accumulate in the left pleural space and dyspnea increased. Inter¬ 
costal catheter drainage on the left removed 2 L. of chyle and much air. Ventilation im¬ 
proved. With clearing of the right pleural space of all fluid, enlargement of the right 
superior mediastinal shadow was seen on x-raj’. Bronchoscopy was negative. Thoracotomy 
was performed to arrive at a definite diagnosis, to attempt to close the air leaks, decorti¬ 
cate and re-expand the right lung and, also, to control the debilitating chylothorax. A 
preoperative diagnosis of bilateral chylothorax of unknown etiology, possible mesothelial 
cell tumor, was made. 

At operation on the right, all pleural surfaces were extensivelj’^ replaced bj’^ tumor 
growing in sheets with some areas thickened up to form trabeculations. The lung was 
about 75 25er cent collapsed, affecting all three lobes equallj'. The visceral pleura was re¬ 
placed bj' a thin la 3 'er of this tissue which puckered the lung in areas. There were main- 
minute air leaks, the source of the pneumothorax. The ehj-le appeared to rise from manj- 
areas over the mediastinal parietal surfaces and there was no intercommunication between 
the pleural spaces or localized disruption of the thoracic duct. Frozen section diagnosis 
of a malignant mesothelial cell growth was made. Although decortication was not success¬ 
ful, it was hoped that ligation of the thoracic duet would decrease the effusion of chyle. 
The thoracic duct was ligated just above the diaphragm and dissected proximallj- for 4 
inches and excised. Three large thoracostomj’’ tubes were left in the pleural space and 
attached to water-seal drainage bottles with suction. Complete re-expansion of the in¬ 
volved right lung could not be expected. 

The pathologist reported, on permanent sections, malignant mesothelioma of the 
pleura, composed of uniform cells growing in sheets and strands, separated by a dense 
corrective tissue stroma. The cells showed vesicular nuclei, prominent nucleoli, and pale 
cjfloplasm. In areas the cell boundaries were distinct. All tissue submitted showed the 
same type of infiltration. 

The postoperative course was characterized by continued drainage of chj-lous fluid, 
and gradual deterioration in spite of a high caloric intake. Persistent air leaks, bilaterally, 
made it necessary to leave the thoracostomy tubes in both pleural spaces. Fractionated 
doses of nitrogen mustard in the pleural space did not decrease the amount of fluid drain¬ 
ing daily. It continued to vary between 2,000 and 3,000 c.c. per daj-. Twentj- daj-s after 
thoracostonij-, the patient quietly died. 

Autopsy showed complete involvement of visceral and parietal pleura bilaterallj- with 
growth over the pericardium. The tumor extended into and below the diaphragm to in¬ 
volve the liver, the right adrenal, and the kidney-. The mediastinum was extensively and 
deeply- replaced by- the growth. 


DISCUSSION 

The two uncommon features of the above case are: (1) the oecurrenec 
of spontaneous bilateral ehylopneumothorax and, (2) the fact that it was due 
to a diffuse pleural mesothelioma. 

Pleural mesothelioma will not be seen frequently in thoracic surgery and 
yet it is seen often enough to be kept in mind in the differential diagnosis of 
tumors of unknown types.* In a series of 60,042 necropsies, collected from 
various sources, pleural mesotheliomas were found in 43 cases or an autopsy 
percentage of 0.07 per cent. Stout® reported an accumulation of 72 eases in 
the laboratory of surgical pathology of Columbia University. Thirty-four 
were pleural and thirty-eight were peritoneal. 
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III lOoO, Stout' loiicuod the pathology of iiiesotheliom.is and cla'.sificd 
them in two main gioups 

1 . riie dilTiise \aiiety uhieli is highlj maligii.wit and imcioscopieally 
shows epithelial elements lorming tiihular stiuetuies Those colls show the 
cultiual ehaiaetousties ol misothelial cells and the ability to soeicte hjalu- 
lonic acid. 

2. lienign and malignant solitaii libiotib mesotholiomas Those occur 
both in the pleuia and in the peiitoneum. They lack epithelial elements and 
consist ot a bi/aiie stioma with spindle cells predominating The benign 
type aiises fiom a loealired aiea of paiielal or liscoial plom.d and ino,loots 
fieely out into the pleur.il space The malignant tope invades adiaeont lung 
paienehyiiia and does not jiroiect fiteli into the phuial space This laiicti 
has ftonuent mitosis, and \aiiatioii in si/e and staining piopeities of the colls 
The stioma is spaise in leticulum and eoll.igcn with aieas of liemoi iliagie 
noei osis. 

Plouial mcsotlieliomas usually .ippisii in the age gioup fiom 40 to fiO 
.\eal^ The latio ol m.iles to femaks is appioxiniately 2 to one. The symptoms 
and signs aio vaiiablo and minimal, initially. This is an iiiipoitaiit featnie 
of the clinical pietuie of both localired and diffuse mesolhelioiiias Chest pain 
of a mild and intoiiiiittent iiatuie is the most eomimm eomphiiiit and may be 
elicited only on questioning. The fust signs usually aic those of a plcmal ef¬ 
fusion which rapidly le-aeeuiiiiilatcs following tboi.icentcsis It is usually 
bloody. Jl.iny times it is only aflei fhoiaccntosis that a thickened plciiia or 
a nodular density may bo seen on \-iay. Any aiea of thiukening along the 
mediastinal or loner pleuial sutfaees is suggcsfiie. I’leuial llmd cytology may 
icveal an ineieased number of nicsothelial cells and many icd blood cells 

The diagnosis is usually not made until csploiatory thoiacotomy is done 
The histologic pictiiio of mesothelioma is siiflieicntly eh.iiaetciistic to allow’ a 
certain diagnosis and this is of a piactieal impoitanco in thoracic suigeiy, 
paitieiilaily conecining the localized Upc This tjpe when excised has a 
bettei inognosis than bioncliogcnic eaicinoina Thcicioie, it is iinpoitaiit not 
to mistake it for an iiiopeiablc plcuial metastasis fiom a bioncliogcnic ear- 
einoma. Theie is no satisfaetorj' tieatmcnt ot the diffuse type. As far as can 
be detei mined evoiy case lepoited and lollowcd has been fatal 

In the case .|ust icpoited it iiiusl be iiostiilated that the cause of the non- 
ti.iumatic ehylothorax was coiiipiessioii, iiuasion, oi occlusion of the thoracic 
duet by the tumor giowth at multiple sites This was not affected in the 
least by pioximal ligation and excision of the thoiacic duct It was evident 
that the source of the air leak into the plcmal space was fiom many holes in 
the xiscoial pleuia and those weic seen to be concentrated aioiind the aioas 
of piickeiing of the lung paieiicliyma by the tumor involving the viseeial 
pleuia The commonest causes of noiitiaumatic chylothorax aie (1) inotastatie 
caieinoma imolving the thoracic duct, (2) tubeiculosis, (3) unexplained oi mis¬ 
cellaneous causes, such as erosion of the duet by aortie aiieui 3 'sni, occlusion of 
the duet bj' blood clot, lyniphangiectasis of the duet, and thiombosis of the 
great vein of the neck. 
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SUMMARY 

1. A ease of spontaneous bilateral clij'lopneuinothorax is reported. This 
was due to a diffuse pleural mesothelioma. 

2. A review of the literature i-evealed no other similar case of spontaneous 
bilateral chylopneumothorax. 

3. The literature revealed no other ease of chylous fluid associated with 
a pleural mesothelioma. 

4. This patient did not benefit from attempted decortication of the right 
lung and ligation of the thoracic duct. 
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TRAClinOTBRONCtUAl. RESTS IN TJIE ESOPILVGUS 
Tnni! Riution to Somi Bi \ms Stricturi-s \.\n Ci rtuv Types oi Cwcru 
01 TUP Esophyous 

JtYRriN BtRGYt\NN, AI D, YND R VY YtOM) II ClIMtVV!,, 31 D 
St r ouis, JIo 

T ub ocpunciice of stiuctnies lined lij tiacluobionchial epithelium cliar- 
aetei i/cs a group of coiigciiil il .iiioiiialies of the esophagus and sots them 
apait fioni other kiiouii nuoniTlies of this oigaii One maj list the following 
is helonging to momahes iwth tiacheohroiiehial lemii Hits’’ ’ 

1 Tiatheoesophageal fistula This is the eonimoiiest anomaly 
111 this gioiip, and the host kiiouii 
2 C>sts lined hy hiontliial epitliLliiiiii These mav ho eithei 
mediastinal,’' oi loe ited in the uall of the esophagus ’ ’ 

! Diieitieiila of the esophagus eoiisisting ot tiachcohion- 
ohial tissue 'When such a di\eitieulum piojccts bojond 
the esoidiageal wall it has hccu cillcd a lung bud of eso¬ 
phageal oiigiii'’ In one leportcd ease, the dneiticuliim 
was intramiiial and w is tciiiicd an abortive traeheoeso 
phageal fistula' 

It IS aiiparent that all these anomalies cm bo legaided ns the losult of 
failuie of the notmal embryonal pioccss of sepaiation of the rcspiiatoiy tiaet 
liom the piimitne esophagus In the ease of essts, one might postulate that 
a tiachcobioiichial remnant, unconnected to eithei lespiratoiy oi intestinil 
tiact, bccoiiics distended b\ secictions The diYoiticula represent icmnants of 
tiachoobronchial tissue with himinal coiitinnity with the esophagus Despite 
the siiiiplieits and nppaient ideqiiacj of this explanation, othei thtoiies of 
foiniatioii of esophageal evsts and diYciticiila with tiaeheobioiiehial epithe¬ 
lium have been advanced and cannot be lefutcd® These othoi explanations 
take two main foiiiis One is based on the fact that diverticula aie noimal 
in ccitiiii stages of cnibiyonal development of the esophagus, .and that such 
vlivciticula might betome eithei pinched oft oi persist ruithermoio, the 
embryonic esophagus is lined by cylindiical epithelium, which might peisist 
as such Ill the anomaly The otiici explanation is that the esophageal epithe¬ 
lium IS .111 niegulailv xnciiolatcd mass in the 8 week embijo and tint anom 
dies nil} occur due to the failnic of some of these vxaeuolos to coalesce with 
the noiniil esophageal lumen Heie, too, it would be postukated that these 
abnormal structuics retain the embiyonal type of epithelium "While at pres 
ent none of these thiec thcoiies can be eithei pioved oi dispioved, it seenus 
to us that the tlieoiy of f.ailiiie ot noimal sepaiation of the lespiiatoiy from 
the intestinal tiatt best accounts foi the oecuiience of these anomalies, and 
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especially for the oceurrence of diverticula, such as the so-called lung buds 
and abortive tracheoesophageal fistulas, which consist not only of respiratory 
epithelium but also of cartilage, smooth muscle, and lymphoid tissue. 

While the important role of congenital anomalies in the causation of clin¬ 
ical esophageal disease in infancy is universally recognized, the relationship 
of embryonal tracheobronchial rests to diseases of the adult esophagus is less 
well known. In the case of intramural divertieulmn referred to above," the 
congenital rest has been held directly resijonsible for the occurrence of a lo¬ 
calized esophageal stricture. We would like to cite a second such case which 
was treated by local excision and end-to-end esophageal anastomosis. 



Fig-. 1. Fig. 2. 

Pig. 1.—Case 1. Esophagogram showing negative filling defect due to bolus of food ini- 
liacted against esophageal stricture. 

Fig. 2.—Case 1. Esophagogram showing stricture after disappearance of impacted bolus 
of food. 


CASE REPORTS 

Case 1.—Hosp. No. 232104. S. F., a o7-year-old woman, was first admitted to the 
Jewish Hospital of St. Louis on April 15, 1953, ttith the ciiief compilaint of dj’sphagia since 
childhood. She stated that in childhood she had had several episodes of complete inability 
to swallow foods and had had repeated endoscopic manipulations, with successful relief of 
dysphagia. Some dysphagia had persisted until ten years prioi to admission, but during the 
decade before admission she had been quite asymptomatic. One week before admission, fol¬ 
lowing a breakfast of bacon, eggs and toast, she developed complete dysphagia, with the 
sensation of food sticking at the level of the lower end of the sternum. The past history 
was entirely noncontributoiy. 

Physical examination showed a well-nourished woman, who nas in no distress. Blood 
pressure 140/90 mm. Hg, pulse 76, respirations 20, temperature 37° G. The only abnormal 



TK.VCUKOI5KOXCIIIAL RESTS IX ESOPHAGUS 00 

Nu’nWr l 

tindin*;?* woro the precein'o of n nmilerjitely lirm lymph no<lo, mcn^uriiif' about 1.5 cm. in tliam- 
eU'r, in the rijiht juj^ular chain. This ^\a9 s-ahl to have been prc'-ent unchanged for many 
years. The liior edge nns pnl|i:il)le « eni. Ijolow the right co*<tal margin and ivas smooth. 

Roentgenograms of the barium-filled esophagus showed a tapering, smootli stricture 
of the lower thir«l of the o-oplrngui ami a negative filling tlcfecl thought to reprc'^ent a 
bein'* of food (Fig. 1). At e'*ophago'»copy a Miionth, tnju'ring stricture was encountered at 


hits. 3 . 




Plff. 4. 

FIff. 3.—Case 1. PhotomteroCTaph showing glandltke congenital rests deep In eso- 
l)hageal wall. Note a.ssociated l>^nphold tissue and mucous glands (hematoxylin and eoslti 
stain, X35). 

Fig. i .—Case 1. Photomicrograph demonstrating cylindrical epithelium lining the con- 
S’enital remnant (hematoxylin and eosln stain, X250). 
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a distance of 42 cm. from the upper incisors. It did not permit passage of a No. IS Er. 
bougie. A second esophagogram on April 24, 1953, demonstrated tliat the bolus of food 
had disappeared and the stricture was now seen to be only about 1 to 1.5 cm. in length 
(Pig. 2). The patient was discharged on April 25, 1953, to return to the hospital at a 
later date for definitive therapy. 

The patient was re-admitted to the hospital on May 19, 1953. Since discharge she 
had remained unable to take any but liquid foods. Physical examination was unchanged 
from the first admission and urinalysis, blood counts, and serologic tests were again 
within normal limits. On Maj"- 21, 1953, a left thoracotomy was done and the short eso¬ 
phageal stricture was found about 10 cm. above the diaphragmatic hiatus. A 3 cm. seg¬ 
ment of the esophagus bearing the stricture was excised and esophageal continuity restored 
by end-to-end anastomosis. The patient’s postoperative course was uneventful except for 
the development of some auricular premature contractions on the ninth postoperative day, 
which subsided after mild sedation. Esojjhagogram on the twelfth postoperative day 
showed a satisfactorily patent anastomosis and, at the time of discharge, on the fourteenth 
postoperative dajq the patient was eating a soft diet. 

Gross Description of Specimen .—Pathology No. 54126.* The specimen consists of a 
previously opened segment of esophagus measuring 2.5 cm. in length. The esophageal wall 
is firm and measures about 1.0 cm. in thickness. The esophageal mucosa is smooth except 
in the center of the specimen, where a distinct scar cau be seen. 

Microscapio Description .—The squamous epithelium is generally intact and in some 
areas appears thickened. The muscular laj'er of the esophagus is thickened due to ex¬ 
tensive fibrosis. In one section there are two branching structures which have the appear¬ 
ance of very large glands or ducts (Pig. 3). However, thej' are located deep in the musou- 
laris of the esophagus and they are lined by typical respiratory epithelium, such as is usu¬ 
ally encountered in the trachea or major bronchi (Pig. 4). The lumen of these structures 
is not distended, but contains a small amount of mucus and debris. This would indicate a 
communication with the esophageal lumen, altliough this could not actually be demon¬ 
strated. The epithelium-lined structures were surrounded by lymphoid follicles and a 
marked chronic inflammatory reaction. Numerous mixed mucous and serous glands were 
also associated with these structures and emptied into them. 

Comment .—^^Vliiie there is thus no question that benign obstructive lesions 
of the esophagus can be caused by changes initiated by the persistence of 
tracheobronchial rests in the esophageal wall, the concept that such rests 
might give rise to tumors of the esophagus has been advanced in the literature 
only once.® We believe the following ease to be an example of a tumor 
originating in a tracheobronchial rest in the esophageal wall. 

Case 2.—Hosp. No. 560817. H. S., a 6o-year-old man, was admitted to the Jewish 
Hospital of St. Louis on Peb. 1, 1956, because of dysphasia. He stated that he had had 
indigestion most of his adult life. This had consisted mostly of eructation, gas, and 
epigastric discomfort. However, previous ofliee records of Ms referring physician indicated 
that he had also complained of some dysphagia for many j-ears. He had had repeated 
roentgenographic studies of the upper intestinal tract, without abnormal findings. About 
two months prior to admission, he developed marked and definite dysphagia for solid 
foods, particularly meats, and had to begin washing foods down with water or other 
liquids. He localized the site of obstruction to the low'er part of the sternum, where lie 
also noted some discomfort with radiation to the left shoulder and scapula. The patient 
denied anj" weight loss. The past history was eutirelj- noncontributory. 

Physical examination at the time of admission showed the patient to be well 
nourished and well preserved for his age. The blood pressure was 170/80 mm. Hg. Tem¬ 
perature, pulse, and respirations were normal. Abnormal physical findings were limited 

‘We wish to thank Dr. Herman T. Blumenthat for his help with the pathological 
examination of tliis and the following case. 
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to tho following: tho honrt oxtciuletl to tlic mitlcluvlciilnr line in the fifth intorcostnl 
space. Tlioro was a soft apical systolic inuriiiur ninl the second aortic sound was accentu* 
ated. Rhythm and rate were normal. The liver edge was palpable 3 cm. below* tho nglA 
costal margin on deep inspir.ition. It was .smooth ami nontondcr. Thoro was a left in¬ 
direct inguinal hernia. 

Laboratory findings, including wrumUsis, blood counts, fasting l)lof)d sugar, and 
blood nrea nitrogen determinations, were all within normal limits. Iloenlgenography of 
tho barium-filled esophagus showed an obstriicliiig lesion of tho esophagus at the junction 
of the middle and lovver thirds. The lesion had the u‘-uul ehuracterlstics of a earenmina (Eig. 
a). Esophngoscopy w.ns carried out on Feb. 3, HKIrt, and a fnngnting^ lesion, which \irtinlli 
completely encircled the esophagus, was encountered at a distance of 30 cm. from the 
maxilla. A .spocimon taken for biopsy exnmiiiation was thought to show* epidermoid car¬ 
cinoma. 



FIff. 5—Ca-«e 2. Esophaffogram Arrows outline barely \Isible soft-tissue shadow caused 
by the tumor mass. 

On Fob. 7, 1950, subtotal esophagectomy, using separate loft upper abdominal and 
right posterolateral thoracotomy incisions, was earned out. Tho tumor occupied the mid¬ 
dle third of the esophagus and esophageal continuity was restored by supra-aortic esophago- 
gastrostomy. The patient's postoperative course w*as complicated by tho development of 
auricular fibrillation on the day following operation. This responded promptly to digi¬ 
talization and administration of quznidine. On tho sixth postoperative day, the patient 
was found to be jaundiced. The icteric index w'as 25 units and bromsulfaloin retention 
was 33 per cent. Tho jaundice gradually subsided and at the time of discharge on Fob. 
23, 1956, tho sixteenth postonerntive _daYr-t Kg^>r dtintlico .had cleared and tho patient was 
eating soft foods without ^ 

Gross Description of iS^^or^en.—l^thologyNNo. 66617. The specimen consists of a 
previously opened scgraenty^igsBphrrgus measuring 13 cm. in Icngtli^after fixation. About 
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2 cm. from tlie superior edge of the specimen there is a tumor with firm raised edges and 
deep central ulceration. It extends for a distance of 6 cm. in length, leaving about 5 cm. 
of uninvolved esophagus below the lesion. It virtually completely encircles the esophagus. 
Eleven lymph nodes were found in the mediastinal tissue attached to the esophagus. 



Fig. 6 —Case 2. Photomicrograph of main tumor mass showing characteristic cylindromatous 
appearance (hematoxylin and eosin stain, X70). 



Fig. 7.—Case 2. Photomicrogram of in situ malignant change occurring in squamous epi¬ 
thelium overlying the tumor (hematoxylin and eosin stain, xlto ; reduced -rt). 

Microscopic Description .—The tumor is made up of atypical epithelial cells of vary¬ 
ing size. The cells have dense hyperchromatic nuclei with prominent nuclear membranes. 
These cells are arranged in small masses and cords, which often show distinct palisading 
of cells about a small central mass of basophilic material. The cell masses are separated 



\o! me Jj 
Njmbcf I 


TR VCI^FOnIlO^CI^ \l rfsts in esoph vgus 


103 


In a ntlior loo«o mataro Hhrotis stromii ulucli Ins umlor^ono imrkcl ba'-ophihc 

olniigo (Fjij C) In 'Joino «oct>nns tlm ‘'(pininous cpithtlntiti (>\er the tumor ronjiins intact 
i\n«l sh«\%3 lu -^itu maliRimut chai\jjt«», comislinK of lo-'S of polant^, plcomorplusm, ami 
mickar \nrintion m ami stainiiiff (Iij{ 7) irr)wo\cp, tbero iro no ilomon 

“'trablo anas of iiua^no sfjinmous careiuoitii, mltnoiarcinomn, or oknants of stromal 
motnpln'»>a aH niicht be "oen in a "mixtl tumor” Ptriotlic ncnl ScbilT stains fnilcl to 
domonstrato an\ pink staining material Of llio iIcmii Ivmph noles, four containel 
metastatic tumor 

The in situ chan;»os of tbo oxerhiuff ipitliclitim ucro tliought to be rt.sponsible for 
tbo erroneous diaj’nosis of sipiamous carcinoma ni ulo on the e«oplinKciscopic biopg) speci 
men 

Comment —Tlie m im point of inteiost m tins ease was the umisual micro¬ 
scopic stuietnre of the tnmoi It resembled closelj the malignant cjhii- 
dionntoiis tumors of the tiaeheohionchi.il tiee’” It shared iiith them the 
finding ol areas of moic or less int.iet osciljiiig epithelium, the lich of 
eoiiiificatioii of tnmoi cells, the finding of irregular cords and masses of tnmoi 
cells 111 a eh.iiaetcnstic stroma, and the distnietne microscopic appeaiaiice 
of the tinnor cells A ciiefiil st.irdi of the litciatnre has failed to tniii up 
am prcMOHsIj' pnhiislud iccounts of siniilai tnmois ougniating in the 
esophagus The lesion icpoited as in adeiio nantlioma, bv AlcPcalc and 
Arons," desenes spcciil eoiisideiation, because m the discussion of tins case 
the aiithois lelate tins lesion to silnan glmd tumors The apparent similar¬ 
ity to sain ary gland tumors icsts piimaiilv on the loose stioma uliich sopa 
lates iioncornifynig liimor masses m then spceimen Ilouovei, the autliois’ 
descriptions and illustiations deiiioiistratc that the tinnni is paitlj squamous 
caromoma and partly glaiidlihc in stiiietnie and thus qualifies for the toim 
“adeno acanthoma ” In this legaid it dilTcis sigiiificaiitlv fiom the tiniioi 
loportcd heroin The lack of lepoited cases indicates the laiity of malignant 
cylindiomas of the esophagus such is oiu Case 2 

DISCUSSION 

Speculation as to the origin of this tunioi leads us to two hypotheses 
Siiico the oylindiomatons tnmois of the tiachcohioiichial tico are belieacd to 
take their oiigiii in the mucous gliiids of tlu tiachcobioiichial epithelium, 
one might assume that the tiimoi desciibeel by us aioso in the mucous glands 
of the esophagus In that cise one would, houceei, cNpeet to encounter such 
tumors avith some elegice of frcquenc> as is true for the tiachcobionchial 
cjlindroniatous lesions Theiefoic we propose instead, an oiigin m a 
tiacheohionehial lemnaiit in the esophageal uall, such as was found m Case 1 
The histogenesis of the tumoi in the esophagus aeould then be identical to its 
more usual site in the tiaeheobioiiehial tice This hypothesis uoiilcl account 
foi the oxtiemo raiity of the lesion It might also esplaiii the long histoij 
of dysphagia a\ith which oui sctoiid piticnt picseiitod himself The piolonged 
dysphagia may hue heen caused by inflammation mound a tiaehcobioncliinl 
leinnant in the esopliigcal wall picccding the dtaclopinent of a eaieinoma 

If oui hjpothcsis that this caicmoma arose in a tiacheolHonchial lest in 
the wall of the esophagus is coneot, r\c might e\pect to the 


ances 
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of tumors characteristic of the tracheobronchial tree occurring in the esopha¬ 
gus. Interestingly enough, 2 eases reported by McKeown® fit in exactly with 
this concept. This author reported 2 cases of typical oat-cell carcinoma, in¬ 
distinguishable from oat-cell cancer of the lung, occurring in the esophagus. 
She, too, felt that respiratory tract remnants were the likeliest sources of 
origin for these tumors. Her eases are also unique in the literature and they 
strengthen our belief that tracheobronchial remnants in the esophageal wall 
can cause not onl}’- benign strictures of the esophagus, but may also serve as 
starting points for tumors of the esophagus with the characteristics of pri¬ 
mary lung tumors. 


SUMJIARY AND CONCLUSIONS 

There is a group of congenital anomalies of the esophagus characterized 
by the presence of traeheobronehial rests. These remnants are thought to 
result from an abnormal separation of the primitive respiratory tract from 
the esophagus. 

A second ease of a benign stricture of the esophagus in an adult, due to 
infiammation around an intramural diverticulum of the esophagus lined by 
traeheobronehial epithelium, is presented. Treatment was by excision and 
end-to-end anastomosis. 

A further case is reported in Avhich a cylindromatous carcinoma with 
histologic features quite typical of such tumors in the tracheobronchial tree 
was found as a primary esophageal tumor. Such a lesion has not previously 
been reported. However, there have been 2 previous cases of oat-cell cancer 
identical to those commonly seen in the lung located in the esophagus. We 
believe that the occurrence of these tumors is best explained by assuming an 
origin in tracheobronchial rests in the esophagus. 
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JIORPIIINE AND ANIPIIENAZOLB FOR POSTOPERATIVE ANALGESIA 
FOLLOWING JIA.TOR THORACIC SURGERY 
.1 C. P Wkiikr, JLD.‘ 

London’, Enound 

S ATISFACTORY annlgcsi.i for patients who liave undergone major tlioracie 
surgieal procedures is not easy to aeliicve. The difficulty lies in the fact 
that morphine and its related compounds, though capable of providing satis¬ 
factory analgesia, have shown, owing to their depressant action on the respira¬ 
tory .ind cough center, a tendency to produce atelectasis when used alone in 
sufficient dosage to produce really good analgesia. 

The problem of jtostoperative atelectasis was discussed by Christie, 
-Mcaltins, and Aronoviteh,' who studied 23 patients treated with expectorants, 
postural drainage, hronchodilator.s, and antibiotics. They felt that pain in 
the chest on breathing, coughing, and moving w.is a major factor in the pro¬ 
duction of atelectasis following operations upon the chest. Bronchoscopic 
aspiration was necessary in .3 of the 23 patients. 

Palmer and SolliclG studied a controlled sciies of 180 consecutive patients 
who had undergone abdominal surgery. They concluded that a deficient ex¬ 
pulsive mechanism, a reduction in bronchial caliber, and qualitative or quanti¬ 
tative changes in the bronchi,al secretion were all important in the production 
of atelectasis. They obtained significant improvement in the incidonee of 
postoperative atelectasis by using physiotherapy combined with bronchodi- 
lators. 

The author of this paper felt that after major operations on the chest, the 
jiain-factor assumed greater impoi tance th.an in operations elsewhere, and was 
largely responsible for impaired pulmonary ventilation and ineffective cough. 
Thus, Bjdrlc and Ililty,’ investigating the arterial oxygen tension of 17 pa¬ 
tients after thoracoplasty or pulmon.ary lesection, found an immediate post¬ 
operative deeicase which they attributed to tlioracie pain. This decrease was 
the greatest and lasted longest after thoracoplasty. 

In this Thoracic Surgical Unit, it had been the custom to use morphine 
very sp.iringly after pulmonary resections, and not at all after thoracoplasties. 
In the hatter ease, pethidine was used in a dos.ige to be described later. Schau- 
mann* described the analgesic effect of 100 mg. of pethidine, compared with 
15 mg. of morphine as being about 0.15 1 Patients, particularly after thoraco¬ 
plasty, often find it extremely difficult to cough because of the associated pain 
For this leason it was thought that if moiphine could bo used in effective 

From the Thoricic Surgical Unit, High Carley Hospital, Lancashire England 
Received for publication Feb 25, 1957, 
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dosage, combined with some agent which would antagonize its respiratory- 
depressant effect, the postoperative course of the patients would be more 
comfortable and the incidence of atelectasis might be minimized. 

Shaw and Shulman,® in the treatment of a series of patients with inop¬ 
erable malignant disease, showed that very large doses of morpliine could be 
given in association with amiphenazole (2:4-diamino-5-phenylthiazole hydro¬ 
chloride) without the occurrence of undue drowsiness or respiratory depres¬ 
sion. They stated that amiphenazole, which was without toxicity, appeared to 
act as a nonspecific respiratory stimulant, especially when used parenterally. 
It was therefore decided to use morphine and amiphenazole for the postopera¬ 
tive analgesia of the patients in this inAmstigation. 

METHOD OF TRIAL 

A consecutive series of 200 major thoracic operations Avas studied. The 
operations Avere carried out on 166 patients suffering from active pulmonary 
tuberculosis. The patients on AA'hom the first 100 operations Avere carried out 
(hereafter knoAvn as the Control or Control Series) recehmd the standard post- 
operatiAm treatment, and those concerned in the remaining 100 operations 
(hereafter knoAAUi as the Trial or Trial Series) received the treatment under 
investigation. 

Treatment of Control Series. —^After lung resections, the patients in this 
series receh’-ed 100 mg. of pethidine, if necessary, on return to the recovery 
Avard from the operating theater. On the night of operation, % or % grain 
of morphine AAms given, and thereafter 100 mg. of pethidine every 6 hours for 
three doses. On the night folloAAung operation, the morphine AAms repeated 
and, subsequently, three to four more doses of pethidine, 50 to 100 mg. Avere 
given if needed. 

After thoracoplasty no morphine AA'as given. Pethidine, 50 to 100 mg., 
Avas giAmn eAmry 4 hours to a total of 6 doses. 

Treatment of Trial Series. —^All patients recewed morphine as often as 
necessary to relicA’^e pain. Usually this Avas not found to be necessary more 
frequently than eA'-ery 4 hours. The dosage Amried from Yq to Yo grain and 
was determined according to the response of the patient. Usually the Avomen 
patients received % grain as an initial dose and the men grain, but as the 
investigation progressed, the mental make-up of the jiatients A\^as thought to 
be more important in determining dosage than considerations of sex or body 
AA^eight. 

The morphine Avas gwen intramuscularly and AAms mixed in the syringe 
on each occasion AAuth amiphenazole solution. Initially 10 mg. of amiphenazole 
AA^ere used AAdth % grain of morphine, and 15 mg. AAdth % grain, but later 15 
mg. of amiphenazole A\ms a standard dose. Some patients required 30 mg. 

A total of 974 doses of moiqiliine AA'ith amiphenazole AAms gwen to the SO 
patients aaIao had 100 operations in this series. 

Analysis of Material. — ^In the Control, the aAmrage age of all the patients 
AAms 27.7 years, that of the men 33.7 and of the women, 23. In the Trial, the 
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Number I 

.11 erage age of all the patients was 34 G j’-eais that of the men 38 3 and of the 
women 29 9 Theio weic SG patients in the Contiol of whom 38 weie men and 
4S Momen, and 80 patients in the Tiial of nhom 45 weic men and 35 women 

The aveiage age of the 34 patients who undeiwent a total of 47 thoiico 
plasty opeiations in the Contiol was 345 yeais (laiigc IS to 52), and that of 
the 38 patients who undeiwent 57 sneh opeiations in the Tiial 413 yeais 
(lange 19 to 57) 

In Table I, "one stage thoineoplasty” icfeis to a planned one stage pio 
eediiie in w'hicli np to file uhs w’Cie lemoicd “Fust stage thoineoplasty” 
means an opeiation in wliieh not nioie than 3^ iibs weie dealt with at one 
time in a patient fiom w'honi it was planned to icnioie nioic iibs a foitiiight 
later Two stage opeiations weie, m gcneial, earned out on patients in the 
oklei age gioiips and in those foi whom an iiieieased element of iisk was 
thought to he pieseiit The diseiepancj hctwceii the niiinbeis of first and 
second stage thoi neoplasties in the same sciies is due to the fact that some 
patients iindoi going two stage thoiaeoplasti have had one operation cseliided 
fioni the tiial due to the consecutive natuio of the senes, and also bec.iuso it 
was not thought advisalile to pioeced to a second stage in a few patients where 
this had been originally intended 


TABir I 


DESCRIPTION or OPERATION 

1 

NUMBER OI 

OPFRATION? 


[ CONTROL 1 

1 TRIAL 

1 

1 TOT\I 1 

1 NO 1 

TOTM 

One stage thoracoplasty 

15 


8 


First stage thoracoplastj 

16 


24 


Second stage thoracoplasty 

14 


20 

0/ 

Resection and thoracoplasty 



5 


Lobar resection 

2S 


14 


Segmental and nedge resections 

14 

53 

21 

41 

Pncuiuoneetomj 

11 


6 


Others* 

0 


2 

2 


•The excJsIon of a chronic tuberculous empjema A\Ith a cliest wall sinus In a man of 
CO and a thoracotomy for closure of a postoperatI\e bronchopleural fistula in a man of 25 


Falmei and Sellick” (1953), in the papei alieady refeiied to, felt that the 
quantity of spiitiini piodiiced w.is lelcvant in then cases In this Unit, loiitine 
measnieraent of spiitnm-volunie is not made Theie was a pi edoniinanco of 
advanced eases in the Trial senes which makes it iinlilvely that theie vvas aiiv 
significantly suiallei volume of sputum pioduced by the patients in that senes 
In fact, the contiary might he leasonably expected 

It IS necessary also to considci whethei theie weie any lolevant dif¬ 
ferences 111 anesthetic tccliinque All patients leceived a muscle relaxant, in- 
ti.itiaeheal intubation and contiolled lespiiation in the usual way Piemcdi- 
cation vvas by either raoiphiiie and atiopine oi Omiiopon and scopolamine A 
few patients in the Tiial senes had piemcdicatioii witli piomethaziiio, chloi- 
proniazinc and pethidine, and the .lutlioi feels that these patients vieie moie 
difficult to aioiise postopciativcly and required moie amiphenarolo than pi- 
tieiits otlieiwise premedicated 
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These facts indicate that the two series, though diffei’ing in the respects 
referred to, are not so constituted as to bias the results in favor of the treat¬ 
ment under investigation. Indeed the presence in the Trial Series of patients 
with more extensive disease, of an older age group and with a predominance 
of thoracoplasties, can, it is thought, be fairly regarded as a bias away from 
the Trial Senes, 

Method of Recording Results .—The following classification for the record¬ 
ing of degrees of atelectasis was used: 

0—No atelectasis. 

1— Slight or moderate atelectasis requiring no special treatment be¬ 
yond the usual physiotherapy )nethods. 

2— Atelectasis requiring special treatment other than bi’onchoscopy. 

3— Atelectasis requiring bronchoscopy (these patients having had the 
treatment under 2 without effect). 

Pi'ice Thomas'* points out that the incidence of recognized postoperative 
atelectasis depends a great deal on the frequency with which clinical and 
radiologic observations are made. The patients in this investigation were 
x-rayed at least daily during the first two postoperative days, and about twice 
during the next three to four days. More frequent examinations were carried 
out as indicated, and the diagnosis of atelectasis was always made initially or 
confirmed by radiography. 

In Grade 2 above, the special treatment referred to consisted originally of 
the intratracheal instillation of 50,000 units of crystalline penicillin in 2 ml. 
of sterile water. The injection was made via the cricothyroid membrane as 
for transcricoid bronchography through an intradermal bleb of local anes¬ 
thetic, The method produced an explosive cough often successful in bringing 
about re-expansion of the lung. As this treatment was extremely unpleasant 
for the patient, it was decided, as the investigation progressed, to determine 
the effect of the intramuscular injection every 3 hours of 30 mg. of amiphen- 
azole alone for five or six doses. This treatment came to supplant the use of 
intratracheal penicillin, and was used in the treatment of the last 5 cases in 
Grade 2 with complete success. 

CASE REPORTS 

The following two ease histories are illustrative of the treatment and re¬ 
sults obtained. 

Case 1.—A man of 33 years of age had persistent cavitation in the upper lobe of 
tlio right lung for which a right upper lobectomy was carried out on May 9, 1956. Post- 
operatively he had two doses of % grain of morphine and three of % grain of morphine, 
each combined with 15 mg. of amiphenazolc, between 2:10 p.m. on May 9, 1956, and 9:00 a.m. 
on May 10, 1956. He was a heavily built man and was found to have a low threshold to 
pain. Because of this, the dose of morphine was increased to % grain, with 30 mg. of 
amiphenazolo, at 1:00 p.m. on May 10, 1956. Analgesia was produced for about 3 hours 
only and, at 5:00 p.m. on May 10, 1956, the dose of morphine was increased to % grain 
with 30 rag. of amiphenazolo. This produced satisfactory analgesia for 7% hours, and, 
owing to the freedom from pain the patient was able to cough well. Subsequent analgesia 
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was obtained by jjraiu nt niorphiiio and 15 nig. ot annphenazole ■\^hIcll was repeated 5 
times, and 14 gram ivitli 15 iiig., repeated twice. The postoperative course was entirel} 
uneventful and there was no evidence of atelectasis at any time. 

C\SE il.—A man of 46 3 ears of age came to operation on June 11, 1956, foi a chronic 
left sided enip\ema of about eighteen moiiths’ duration winch nas a sequel to a left spon¬ 
taneous pneumothorav complicating caiitated pulmonari tuberculosis. At operation the 
emp\eina \\as excised and a ro'^ection of the left upper lobe carrietl out. This v.a8 ev 
trenieh* dilficult as mobilization of tho lung was hindered by the oxtensue pleunsj'. It 
was anticipated that difhculty might be encountered with this patient's postoperatu e 
course. He received 16 doses of 1/1 gram of morphine, 12 of which were given ivith 10 mg. 
of annphenazole, and the remainder with 15 mg., from 2:45 F.^^. on the day of operation 
to 11:30 p.M. on Juno 15, 1956. Breath sounds at the left base uere poor, and x ray, on 
.Tune 15, 1956, shoued an opaque left hemithorax due to atelectasis. He uas giien 30 mg. 
of annphenazole alone ever\ 3 lionrs for 5 doses and then every 4 hours for a further 5 
doses, intramuscularly. During the next two dajs the breath sounds returned and serial 
x-rajs demonstrated satisfactory expansion of the residual lower lobe. The subsequent 
course was uneventful. 

RCSULT.S 

The gro<is results of the in\estigation aio presented in Tables 11 and III. 


Tabie II 


(rRAlUi OP AlFI.fCTASrS | 

1 ‘ hUMUril OP OPFRATIONS 

I COVTROI. 1 

TRIAL 

Gindc 0 

67 

76 

Grade 1 

18 

17 

Grade 2 

1 ^ 

7 

Grade 3 

1 7 

0 

Total iiiimbor ot oper.itions 

1 100 j 

1 200 


Tabie III 



1 

GRADE OP ATFI E( TASIS 




1 (ONTROf, 


TRIAL 


OPLKATION j 

t 0 1112] 

1 3 1 TOTAL 1 

0 1 I 

1 2 1 .i 

j TOTAl 

Thoracoplasty, including ro 
section and thoracoplasty 

27 11 3 

6 47 

40 22 

5 0 

57 

Re'«ection, including pneunio 
iiectomy 

40 7 5 

1 53 

15 4 

2 0 

42 


PISCUSSION 

Table II .shows that 7 bronchoscopies were found to he necessary in the 
Control, and none in the Trial, an incidence of 7 per cent and 0, respectively. 
The standard error of the two proportions is 2 598 per cent, and the observed 
incidence of 7 per cent is therefore 2 69 times this error 

In Table III, 6 bronchoscopies were found to be necessary among the 
thoracoplasties in the Control, and none among the 57 in tho Trial, an iuci- 
deiTce of 12.7 per cent and 0, respectively. The standard error of the two 
proportions is 4.594; per cent and the observed incidence of 12.7 per- cent is 
2.78 tinie.s this error. In the other cells in Table III there is no significant 
difference between the Control and the Trial. 
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Clinically, the treatment made a good impression. The patients were im- 
donbtedly given a much more comfortable postoperative eonrse, particularly 
after thoraeoplastj'^, and it is noteworthy that 6 of the 7 bronehoseopies in the 
Control followed thoracoplasty operations. This will be compatible with the 
experience of most thoracic surgeons. Vomiting, which could be unequivocally 
ascribed to the morphine, and which led to its discontinuance, was met with 
in only 2 patients. 


SUMMARY 


A consecutive seines of 200 major thoracic surgical operations for pul¬ 
monary tuberculosis has been studied, and a controlled trial of the effective¬ 
ness of morphine and amiphenazole, administered simultaneously, in the pro- 
diietion of effective postoperative analgesia \vithout danger of atelectasis, has 
been made. 

It is concluded that morphine-amiiihenazole therapj’- is superior to the 
other routine treatments described, both in the production of satisfactory 
postoperative analgesia, and in the avoidance of atelectasis of a degree suf¬ 
ficient to require bronchoscopy. In this series tlie major incidence of post¬ 
operative bronchoscopy occurred after operations involving a thoracoplasty, 
and it is in this group that the treatment described has been found most ef¬ 
fective. 

It is suggested that morphine with amiphenazole may be of value after 
extrapulmonary thoracic operations and high abdominal operations, folio-wing 
which atelectasis is regarded as a likely complication. 

The use of amiphenazole for the treatment of established atelectasis is 
described, and it is suggested that this treatment is always worthy of trial 
before resort is made to bronchoseopic aspiration. 

The writer wishes to thank Dr. J. E. Edge for lielpful encouragement, and Miss I. 
Dingwall Eordyce (by courtesj" of Professor E. E. Lane) for statistical advice. The 
operations were carried out by Air. J. S. Glennie, Mr. P. Jewsbury, Mr. H. A. Daniels, and 
Mr. N. C. Scott. 
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PLEURECTOSrr FOR RECURRENT SPONTANEOUS PNEUJIOTHORAS 
Paul A. Thomas, Captain, MC, USA, and Paul "W. Gebauer, M.D. 
Honolulu, T. H. 

O bliteration of the pleural space is generally recognized as an impor¬ 
tant feature of the definitive therapy for spontaneous pneumothorax. 
Obliteration both by closed and open surgical procedures has been incomplete 
and unsatisfactory in many instances.*'*' Seeldng a solution, we have adopted 
excision of the parietal pleura to promote fixation of remaining limg tissue 
to the chest wall. In August, 1951, we treated our firat in a series of patients 
for recurrent spontaneous pneumothorax by thoracotomy, lung repair, and 
partial parietal pleureetomy. This report includes an additional 13 patients 
who have undergone fourteen such procedures since that time. 

Surgical removal of normal parietal pleura has been proposed for several 
pathologic conditions. Barrett and Daley," in 1919, suggested bilateral excision 
of the upper one half of tlie parietal pleura as an alternate procedure for the 
technically inoperable patient with tetralogy of Fallot. Blalock*" agreed that 
the rationale of increasing the blood supply to the lung by pleureetomy in 
selected patients had merit. Crenshaw and Rowles'* have employed parietal 
pleureetomy in order to revascularize the degenerated, atrophic lungs of pa¬ 
tients with pulmonary emphysema. Ellis and Can-,’" in 1951, suggested pleuree¬ 
tomy be tried on selected patients with spontaneous pneumothorax in whom 
surgery is indicated. Gaenslor*" recently reported the first series of patients 
with recurrent spontaneous pneumothorax in whom parietal pleureetomy was 
performed as an important feature of therapy. Good results were reported 
in 7 patients, with excellent fusion between the lung and chest wall. He recom¬ 
mended pleureetomy for two groups of patient.s—those found to have diffuse 
lung surface involvement, and those with little or no visible gross pathologic 
lesions at the time of thoracotomy. 

In August, 1951, we performed a thoracotomy on a patient with recurrent 
spontaneous pneumothorax. Lung repair was carried out in the usual manner, 
by excision and suture of multiple blebs over the apex of the left upper lobe. 
At tliis time it occurred to one of us (P.W.G.) that excision of the apical parietal 
pleura in the region of the disease process would be a feasible metliod of 
obliterating the pleural space. This was effected with a good result. In a 
second patient with bilateral, giant, emphysematous bullae, surgery was indi¬ 
cated for decompression of contiguous good lung tissue. In January, 1952, 
right thoracotomy, apical and posterior segmental resection, and parietal plen- 
rectomy were done. At a second stage, in July, 1952, left thoracotomy, left 

Prom the Department oC Surgery. Tripler Army Hospital, APO -138, San Francisco. Callt. 
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upper lobectomy, and parietal pleureetomy were performed. Following the 
second procedure, the patient experienced considerable improvement in respira¬ 
tory function; over the past four years the patient has continued to be asymp¬ 
tomatic and the lungs are shown to be clear by chest roentgenograms. Conse¬ 
quent to the experience with these 2 patients, excision of the parietal pleura 
has been instituted as a component part of our surgical treatment for recurrent 
spontaneoiTS pneumothorax and for giant bullous emphysema. We feel that 
lung repair with pleureetomy, folloAved by continuous, active, and complete 
re-expansion of the lungs is the most reliable method for obliteration of the 
pleural space. The careful management of the pleural space in the early post¬ 
operative period, to ensure complete expansion and fusion of the lung to the 
chest wall, is as essential as the pleureetomy. 

Since January, 1951, 108 patients admitted to this hospital have been 
treated for 122 episodes of spontaneous pneumothorax. Among these patients, 
17 had three or more episodes of spontaneous pneumothorax treated here or 
elsewhere. Criteria for surgical intervention included recurrence of spon¬ 
taneous pneumothorax (three or more episodes); demonstration of cystic areas 
within the lung fields by chest roentgenograms following si>ontaneous pneumo¬ 
thorax (one or more episodes); or persistent air leak with incomplete lung ex¬ 
pansion (ten days or longer) during treatment of the acute episode. Twelve 
of our patients have been subjected to thoracotomy. Two additional patients 
operated upon elsewhere b}^ one of us are added to make the total 14. 

The indications for surgery are listed in Table I. Ten patients had recur¬ 
rent spontaneous pneumothorax without roentgenographie evidence of lung 
field abnormalit.v. In one patient (Case 10) surgeiy was advised following a 
single episode of spontaneous pneiunothorax associated with cystic areas of the 
lung field demonstrable on the chest roentgenogram. Another patient (Case 7) 
was treated surgically after two episodes of spontaneous pneumothorax who also 
had roentgenographically denionstrable cystic areas of the liuig field. Bilateral 
surgery (Case 11), done in two stages, was indicated for alternating spon¬ 
taneous pneumothorax associated with bilateral c 3 ^stic areas of the lung fields 
demonstrated bj^ chest roentgenograms. In another instance (Case 13), surgerj'^ 
was accomplished during the first acute episode because of a persistent air leak 
with incomplete lung expansion during intercostal catheter suction therapj^ 
Our total experience with parietal pleurectomj'^ during this 5-j'’ear period further 
includes 6 other patients treated surgicall.v for giant bullous emphj^sema. Two 
of these patients underwent bilateral surgical intervention. In all, 20 patients 
have had twent,y-three operations in which parietal pleurectomj’’ was considered 
an important component of the surgical procedure. 

The surgical removal of normal parietal pleura is begun along the cut mai- 
gins of the pleura, at the edges of the thoraeotom.y incision. Tlie proper tissue 
plane is developed bj' blunt dissection and the pleura stripped in a single large 
sheet awaj^ from the chest wall. The superior dissection is carried over the 
apex of the chest and down along the mediastinal surface to the az.ygos vein on 
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the light, or aortic arch on the left, wheve the pleurs, is excised. A similar dis¬ 
section of the pleura is carried out inferiorly to the diaphragmatic reflection. 
No attempt is made to remove the parietal pleura of the diaphragm or peri¬ 
cardium. At the conclusion of tlie operation, and prior to closure of the in¬ 
cision, large thoracotomy drainage tubes are carefully placed for continuous 
postoperative suction. 

The postoperative complications are shoivn in Table I. Because of the 
large raw surface produced by pleurectomy, careful hemostasis must be obtained 
and postoperative hemorrhage watched for. Blood should be available for 
administration during and following the operative procedure. Troublesome 
bleeding has not been a complicating feature in these patients; however, whole 
blood replacement of an estimated average operative loss of 1,500 to 2,000 c.e. 
is routine. The complications encountered are not directly attributable to 
pleurectomy. Thej’- have resulted more frequentl}' because of inadequate control 
of air leaks. The postoperative course Avas entirely uneventful following nine 
operations. A somcAvliat prolonged air leak was present in tAVo instances (Cases 
3 and 11) but recovery Avas uueA^entful. One patient (Case 4) developed a 
minimal spontaneous pneumothorax of the unoperated side of the chest the day 
of surgery; treatment Avas not necessary and recovery not remarkable. In 
tAvo instances (Cases 7 and 12), a small, residual postoperative apical pneumo¬ 
thorax Avas encountered. Of the 15 operations performed only one resulted in a 
seriouslj'’ complicated course (Case 8). Immediately folloAAung surgery, this 
patient developed partial atelectasis of the operated lung. Obliteration of the' 
pleural space AA^as therefore incomplete. Bronchoscopy and thoracentesis Avere 
required as corrective measures. Further, this patient also had spontaneous 
pneumothorax of the unoperated lung shortly after surgery Avhich contributed to 
his morbidity. One additional, more serious complication Avorth 3 ^ of mention 
Avas encountered in the group of patients treated for bullous emphysema.!/ Of 
the 6 patients selected as candidates for surgery, eight operations Avere done 
(tAvo bilateral thoracotomies) in AAdiich pleurectomy again Avas an important 
feature of the surgical procedure. In one of these patients a postoperative 
bronchopleural fistula developed. This was folloAved bj'- a Staphylococcus mcreus 
empyema. After prolonged hospitalization the patient responded to repeated 
thoracentesis and Terramycin therapJ^ 

The present status of these patients is lilceAvise listed in Table I. There 
have been no postoperative recurrences of spontaneous pneumothorax. Eight 
patients are nsjouptomatic. One of these (Case 11) required bilateral surgery. 
In three instances (Cases 7, 8, 12), the postoperative lung is asymptomatic and 
stable by chest roentgenogram; hoAvever, one or more episodes of spontaneous 
pneumothorax of the unoperated lung have occurred. These patients may re- 
quii’e a second-stage surgical procedure on the remaining unstable lung at some 
future date for complete relief from this condition. Because of a shifting mili¬ 
tary population, 3 patients (Cases 1, 2, 5) have been lost to follow-up evalua¬ 
tion. However, they Avere asymptomatic during a 6- to 12-month period of 
observation. 
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MSCaSSION 

There is a general agreement on the indications for surgery in patients 
rvith spontaneous pneumothorax. The most common is recurrent spontaneous 
pneumothorax, because of the morbiditiy and associated economic loss to the 
patient. We have limited our selection of patients primarily to those having 
had three or more episodes of proved spontaneous pneumothorax; 10 of the 
tabulated patients are in this category. JtacQuigg' makes a strong plea for 
earlier surgery for these patients on the basis that gross pathology is usually 
present and the recurrence rate is high. The second most frequent indication 
for operative intervention in this e.xperience was one or more episodes of spon¬ 
taneous pneumothorax with associated cystic areas demonstrated by chest roent¬ 
genograms. Three of our patients are in this category. This was the indication 
for bilateral surgical intervention in one instance (Case 11). Finallj', in one 
patient (Case 13), thoracotomy was necessary because of an uncontrolled air 
leak during treatment of the first episode of spontaneous pneumothorax. Heino- 
pneumothorax of the spontaneous variety is also considered b}' some an indica¬ 
tion for thoracotomy. The mortality from spontaneous pneumothorax compli¬ 
cated ly hemothorax has been estimated to be about 20 per cent.'* However, 
we have treated 3 patients with spontaneous bomopneumotborax of moderate 
degree (500 to 1,000 c.e. of blood removed by intercostal catheter) without 
resorting to thoracotomy. Possibly the hemothorax produced pleural symphysis; 
at least there have been no recurrences in thc.se 3 patients. Although we have 
had no experience in chronic pneumothorax complicated by a fibroplastic mem¬ 
brane w’hich encases the lung, we feel that this condition is also an indication 
for surgery. This latter condition should occur less and less frequently as 
more and more physicians become aware of the merits, for the acute episode, of 
active and immediate re-expansion of the lung by intercostal catheter, water- 
seal suction drainage of the pleural space. 

The predominant gross surgical pathologic lesion found in our patients 
was the presence of multiple blebs and bnllae localized to the apical lung sur¬ 
face. Such was the case at ten operations. In one instance (Case 2), a more 
generalized distribution of multiple blebs was found. The lung surface of 
one patient (Case 5) appeared gro.ssIy normal with the exception of a single, 
small area of necrotic visceral pleura at the apex. In another patient (Case 
9), the lung surface again appeared grossly normal except for several, small, 
healed, pleural scars without associated surface blebs. In still another in¬ 
stance (Case 6), the entire upper lobe surface appeared paper-white, thin, and 
nnelastic, witih numerous adlicsions indicative of fibrotic change. Finally, 
in one patient (Case 13) there was a single, 2 mm. air leak in the apex with 
rolled in fibrotic edges. These characteristic findings of blebs, bullae, and 
parchment-like changes are similar to some of the gross changes of pulmonary 
empliysema. They are suggestive of peripheral pulmonary ischemia. Whether 
this represents a primarj' or a secondary vascular insufficiency remains to be 
determined. 
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One of tlie fundamental objectives of definitive surgical treatment for 
recurrent spontaneous pneumothorax is the elimination of the pleural space, 
which we feel is best accomplished by excision of the parietal pleura. The 
increased vascularity of the peripheral lung produced by this procedure may 
be of considerable future benefit to the tjatient. The incidence of spontaneous 
pneumothorax in young people appears to be on the increase. One of us 
(P.W.G.) feels that this probably represents a precursor to the pulmonary 
changes recognized later in life as emphysema. Spontaneous pneumothorax 
may be an early clinical manifestation of an atrophic, degenerative altera¬ 
tion of the lung parenchyma. In the beginning this may be localized to an 
area of involvement, but ultimately destined to progress to more extensi^^e or 
diffuse pulmonary disease. If they are the result of diminished pulmonary vas¬ 
cularity, progression of these fundamental pathologic changes might be pre¬ 
vented by earh’^ parietal pleureetomy. This operative procedure seems to pro¬ 
vide an increment of blood supply to the lungs. Therefore, parietal pleureetomy 
is indicated for the patient with localized pathology as well as the more obvious 
instance of the patient with diffuse lung surface involvement, or the more rare 
patient without gross disease demonstrable at surgery. This concept will 
probably have to remain a theoretical one for years until such time as long¬ 
term, follow-up evaluation of patients is possible. 


SUMMARY 

^Ve have presented a series of 14 patients in whom partial, parietal pleu¬ 
reetomy has been an important feature in the definitive surgical treatment for 
recurrent spontaneous pneiunothorax. The surgical removal of the parietal 
pleura over the chest wall and superior mediastinum, except for the diaphrag¬ 
matic and pericardial reflections, as described, is usuallj’’ not difficult. A pleu¬ 
reetomy limited to excision of the apical parietal pleura, as was carried out 
in the first patient, we now consider inadequate. The more complete opera¬ 
tion was done fourteen times in 13 patients. Pleureetomy is designed to pro¬ 
duce two significant changes for the patient: (1) to obliterate the pleural 
space and prevent recurrence, and (2) to provide revascularization of the 
peripheral portion of the lung where pathologic changes are usuallj’’ most marked. 

In the majority of patients subjected to thoracotomy for recurrent spon¬ 
taneous pneumothorax, gross pubnonaiy pathogenicity, in the form of blebs 
or bullae, is demonstrated either in localized areas or generalized over the lung 
surface. If this is a precursor of later pulmonary emphysema, witli primary 
or secondary vascular changes, pleureetomy should be considered more fre¬ 
quently tharr it has beerr irr the past. 
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THE SUEGICAL IMANAGEMENT OP CONGENITAL BIFID STEENUM 
WITH PAETIAL ECTOPIA COEDIS 

David C. Sabiston, Jr., M.D.* 

Baltimore, Md. 

C ONGENITAL bifid sternum associated with partial ectopia cordis is an 
infrequently encountered anomaly. However, when present this mal¬ 
formation may present a difficult problem in reconstruction. Eecently, atten¬ 
tion has been directed toward the surgical management of this condition and 
several procedures have been advocated. In 1947, BurtoiP reported his ex¬ 
perience with 2 cases in which grafts of costal cartilage were used to close the 
defect. Later Maier and Bortone- recommended direct surgical closure of the 
munieation is to report an operative technique employed to reiiair a large 
defect in infancy and reported a successful case. Two other instances of oper¬ 
ation have been reported subsequently.®* ^ The purpose of the present eom- 
sternal defect associated -with partial ectopia cordis in a child, 2 years of age. 

CASE REPORT 

T. V., a 2S-moath-oId boy, was admitted to the Johns Hopkins Hospital on Sept. 25, 
1956, with the history of a bulge in the sternal area since birth. The family history was 
negative for congenital defects and the child was the result of a normal, full-term preg¬ 
nancy. The early development was unremarkable except for moderate difficulty in swal¬ 
lowing during the first month of life. The child had been examined first at the age of 
nine months. At that time he appeared well developed and was in no distress. A tri¬ 
angular defect was noted in the sternal area and the two sides of the chest were connected 
by a small bridge, one centimeter in length at the xiphoid process (Fig. 1, A). The dis¬ 
tance between the clavicles was 6 cm. The pulsations of the aorta were visible beneath 
the skin overlying the defect and, with crying, a marked herniation of mediastinal con¬ 
tents occurred. The remainder of the physical examination was within normal limits. 
The laboratory findings were not remarkable. At that time it was elected to defer opera¬ 
tion until a later date. 

On the second hospital admission the history revealed that the child had been asymp¬ 
tomatic and had developed normally during the intervening period. The previously de¬ 
scribed sternal defect was slightly larger than at the first examination. The child’s family 
was increasingly concerned about the defect and were alarmed at the marked herniation 
which occurred through it with crying or coughing. 

On Oct. 2, 1956, operation was performed. The child was anesthetized with cyclo¬ 
propane and a midline vertical incision was made from the lower neck to the xiphoid 
process. Skin flaps were dissected from the underlying pericardium and reflected beyond 
the sternal bands (Fig. 2). The sternal bands were separated from their posterior attach¬ 
ments to the pleura, and an encircling suture of braided silk was placed temporarily around 
the sternal bands and approximated. This reduced the size of the defect to approximately 
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Plff. 1— A, Preoperative photoeraph demonstratinff the sternal defect wJtli partial ectopia 
cordis. "With crying, a marked herniation of mediastinal contents Is apparent. The two 
sides of the chest are connected anteriorly by a small bridge at the xiphoid process. 

S, Lateral view showing sternal defect during Inspiration. The point of union of the 
two sternal bands Is seen at the xiphoid process. 



Fig, 2.—Illustration of tlte defect after dissection of the skin flaps. The sternal bands 
are shown and the periosteum Is being freed from the anterior surface. Incisions have been 
made Into the perlchondrlvun of the flrst, second, third, and fourth costal cartilages The 
inset Illustrates the Incisions In the costal cartilages. 
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one half of the original dimensions and brought into clear view the attached costal carti 
Inges on either side The costal cartilages of the first, second, and third ribs were ex 
posed and tho peiichoudnuin was refiected (Fig 2) An oblique incision was made in 
the costal cartilages of ribs one, two, and three which allowed sliding, as illustrated in 
the inset of Fig 2 The periosteum was incised along the medial border of eacli of the 
sternal bands and wis reflected anteriorU Three sutures of chromic catgut were then 
placed about both sternal bands and were tied This completeh approximated the bands 
and obliterated tlie defect The periosteal flaps ot the sternal bands were then cirefiilh 
suturtd with fine silk uniting the sternum in the midlinc (Fig 3) At this point the supra 
sternil notch was ipproximatel} in its normal position After closure of tho defect the anes 
thetist was unable to detect anj change in tho pulse, blood pressure, or color ot the face 
or upper extremities In addition there was no increased resistance to inflation ot the 
lungs through tho endotracheal tube The child made au une%cntful postoperatiN e re 
co\erj and has since remained well 'Ihc chest now appears esseutialh normal and the 
chest wall is solid (Fig 4, A and B) 


DISCUSSION 

Congenital failure of sternal fusion is best e\]ilainetl by a coiisicleiation 
of the eiiibtyology of tlio iioimal steimini Tlie woik of Hanson in tiaciiig 
the oiigin and dovolopmeiit of the stciiiuiii in man and a iiumboi of animals 
has added much to oui undeistanding of congenital bifid stciuum He shoiied 
that the steiimm oiiginatcs indeiieiidently of the nils as two longitudin.il 
li.inds in the antoiioi thoia\ These bands aic picsent in the 6 week ombiyo 
At this tune thoie is a space between the two bands, and by the ninth week 
the two bands have fused lu the iiudliiie with obliteiation of the defect The 
bands also fuse lateially with the costal caitilages It becomes appaiciit th.it 
in the laie instances of congenital bifid stciiiuiii theie is a failnio of the mid 
hue union of these two stomal bands A defect icsults and thiough it the 
poiicaidium may heiniate, being covcied only by subcutaneous tissue and skin 
This condition has been teimcd citliei coiigeiiitil bifid stoinuiii with iiartial 
ectopia coidis oi failuie of sternal fusion with pciicaidml heiniatioii 

In 19-17, Bui ton repoitod his evpeiience in the siugical tieatmont of 2 
cases of this type IIis fiist patient was a child of 7 weeks who had iceurrent 
attacks of cyanosis and dyspnea A block of cartilage was lemoied fiom tlie 
costal niaigin and placed ovei the defect and sutuicd in place The second 
defect was in a 12 yeai old giil with a siiinlai condition The same opeiatnc 
pioeediuc was peifoiiued as in the fiist ease and in both the cosmetic lesult 
was only moderately good ' In 1949, Slaici lecoided the case of a 6 week old 
inf.ant in which he peiformed .i piimaiy suigical elosuie’ In this instance, 
the two sternal bands weie aiipio\im.atcd by diieet sutuie and a good result 
was obt.ained Dming the diseussioii of Il.aiei’s paper, Kl.assen lepoitcd a 
siimlai ease which he h.id attempted iiiisucecssfully to icp.aii ’ The most le 
cent lepoit of a suigieal lepaii is that of Loiigmo and -Tewett ’’ They discuss 
au infant upon whom thej opeiatcd at the age of R dajs The dcfcot was 
closed by piimaty appioximation of the two stcniil bands with eneiicliiig 
sutures watli a successful i esult 

It appeals fiom the leceiit litei.atuic that the leeommended ni.anagemeiit 
of congenit.al bifid stciiium with paitial ectopia eoulis is early opoiatioii and 
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pidmaij^ uiiiori of tlie sternal bands. If ojieration is performed during infancy, 
there is no necessity for the use of tissue grafts or plastic materials in tiie 
lejiair of the malformation. In the child reported in this communication the 
defect was not attacked surgically until the age of two. Nevertheless there 
were no difficulties encountered at the time of operation and the defect was 
managed by primaiy closure. The ease Avitli which this was accomplished 
is thought to be due to the operative technique employed. A vertical 
incision was made over the center of the defect and skin flaps were 
reflected to each side. The sternal bands were freed of their posterior pleural 
attachments and the costal cartilages which attach to the bands were exposed 
(see Fig. 2). These costal cartilages were then divided in an oblique manner 
as illustrated in the inset in Pig. 2. This allowed them to slide and reduce 
the tension without interfering with the stability of the anterior chest wall. 
This sliding-tjTpe of repair permitted easy approximation of the two sternal 
bands in the midline bj’- the use of encircling sutures. To strengthen further 
the midliiie union, periosteal flaps were reflected anteriorly from each of the 
sternal bands and were approximated udth interrupted sutures. An instance 
of separation of the sternal bauds in the late postoperative period has previ¬ 
ously been reported^ and it is probable that this complication can be prevented 
by the separate closure of the periosteum. 

Despite previous discussions in the literature regarding the difficulty, if 
not impossibility, in obtaining primaiy closure of these sternal defects after 
infancy, the experience reported in the present communication suggests that 
operation can be simple and effective when it is necessary to perform it at a 
later date. By use of the sliding costal cartilage technique no difficulty was 
encountered in the correction of the deformity. In the event a child does not 
present for surgery until several years of age or in instances in winch opera¬ 
tion is deferred for other reasons, the operative technique discussed here may 
be employed A^dth satisfactory primary closure without resort to the use of 
plastic prostheses or tissue grafts. 


SUJIMARY 


The surgical management of congenital bifid sternum with partial ectopia 
cordis has been discussed. It is noted that there is general agreement that, 
when possible, the preferred management is direct oj^erative closure in early 
infancy. An ojierative technique is desci'ibed which permits successful direct 
closure of the malformation at a later age without the use of grafts or pros¬ 
thetic materials. 
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COARCTATION OP THE AORTA PROXDIAL TO BOTH 
SUBCLAVIAN ARTERIES 
CiisE Report op a Six-Year-Old Girl 

I. Brynolp, M.L., L.D.S., G. Grafoord, II.D., ,ind B. jManneieimer, M.D. 
Stockholm, Sweden 

A S PAR AS we are aware, coarctation of the aorta proximal to both sub¬ 
clavian arteries lias not been described previously. One of our patients 
pi’esented this anomaly, combined with a riglit aortic arch and a left-sided 
descending aorta. Preoperatively, no pulse was palpable in either the arms or 
the legs, whereas the carotids were hyperactive. Tliis case seems to bo of interest 
from the point of view of the surgical technique as well, since it was possible to 
correct the retroesophageal coiu’se of the aorta, so that, postoperatively, it ran 
in front of the trachea. 

Coarctation of the aorta may be present from the middle of the arcli to the 
bifurcation, but in 98 per cent of the cases it is located at the first segment of 
the descending aorta, immediately distal to the arch.’* According to Goodson” 
and Mustard and co-workers,'* coarctation of tlie aorta is found in one of 1,500 
necropsies. A conception of the incidence of tliis malformation in infants and 
young children with congenital heart disease is obtained from a survey made by 
Boeson and Vendel.'“ In 1,137 autopsies on children under 4 years old ivith con¬ 
genital heart disease, they found 221 cases of coarctation of the aorta, that is, 
20 per cent. Kreutzer** made systematic blood pressure measurements in an 
uuseleeted series of 8,000 children and found 4 cases of coarctation, namely, 
one in 2,000. 

A right aortic arch with a left-sided descending aorta and the left subclavian 
artery as the last branch has been discussed by several authors as a conceivable 
anatomic variant.*’ “■ Edwards® reported, in 1953, that nine vu-iters had des¬ 
cribed such eases. Eek,” in 1949, stated that a right aortic arch and left descend¬ 
ing aorta is a rare variant of right aortic arch; in his series it occurred in only one 
of 21 cases with a right aortic arch. A right subclavian artery ivith an anomalous 
origin, together with a left-sided aortic arch and descending aorta, occurs in 
0.5 per cent of all individuals.’® A mirror image of this condition has been 
described by Kommerell” and by Renandcr,’® among others, and in 2 cases by 
Eek.® 

The combination of coarctation of the aorta ivith an anomalous origin of 
the subclavian artery has been described by Abbott’ in 2 of the 200 cases of 
coarctation she had collected from the literature. Another such case was 
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reported in 1952 by Broden, Jonsson, and KarnelP among 150 cases of coarcta¬ 
tion of the aorta known to them. In these 3 cases, the constriction lay between 
the left and the right subclavian arteries. Steno.sis, proximal to the left sub- 
elaman, was described by Abbott in 4 of the aforementioned 200 cases. 
Edwards,® in 1953, gave an account of some similar cases from the litej'ature. 
He emphasized that they must be distinguished diagnostically from cases with 
constriction of the first part of the left subclavian and hypoplasia of this artery. 


CASE KEPORT 

The patient was a girl, born on Sept. 5, 1949. Both i)arents and her older sister were 
healthy. The mother’s pregnancy and parturition were unev^entful. Birth weiglit was 
.1,450 Gin. Operation for cleft palate wa.s performed in 1952. Immediately after birth .she 
had a few attacks of cyanosis. During her first two years of life she had lepeated upper 
re.spiratory tract infections but no cyanosis. She was physically underdevelopedj at over 
two years .she weighed only 9.3 leg. and her height was 79.5 cm. Devmlopmerit was other¬ 
wise normal. 

She hud been ho.spitalized several times, at which times pulsations were found to 
be lacking in the radial and femoral arteries on both side.s, and a faint systolic murmur 
was present. A tentative diagnosis of coarctation of the aorta was made. 

In June, 1955, on admi.ssion to the hospital, the following circulatory signs were 
found: a network of swollen veins was present on the right side of the neck. The cardiac 
impulse was heaving and displaced laterally. Faint systolic murmur of stenotic type 
(Grade 2) was present over the aorta. A .sharp first .sound was audible over the apex (early 
systolic click). A stronger systolic murmur (Grade 3-4) occurred over the prox'imal part 
of the right carotid. The right carotid was markedly hyperactive, the left normal or 
somewhat hj'peractive. Blood pressure (flush pressure): right and left arm, 85 mm. Ilg; 
right and left leg, 40 mm. Hg. 

The electrocardiogram showed left ventricular hypertrophy. Pressure measurement in 
caiotid aitery was 140 to 150 mm. Hg. Roentgenologic e.xamination of heart (Drs. Kjell- 
berg and Rudhe) showed enlargement of the left side, particularly of the left ventricle. 
The heart volume was 10.3 x 0.3 x 0 =; 100 c.c., corre.sponding to 240 c.c. per square meter 
of body surface. 

Angiocardiofjraplty (Fig. 1; showed normal anatomy of the right ventricle and of the 
pulmonary artery and its blanches. Both carotids were dilated and weie given oil' fiom the 
upper part of the ascending aoita. In tlie midliiie, the ascending and descending parts of the 
aorta formed a sliarp angle in an oblique plane; consequently, the probable occuirence of con¬ 
striction in this segment could not be established dcfliiitely in the pro,iections used. The 
descending aorta was filled almost immediately, indicating the presence of a communication 
in the stenosis. The superior part of the descending aorta was moderately dilated, as in 
poststenotic dilatation. An outpouching from the descending aorta probably represented 
the orig-in of the left subclavian artery. The internal mammary arteries weic not dilated, and 
collaterals, -which were narrow, -were present only in the soft tissues of the neck. 

Diagnosis: Atypical coarctation of the aorta. The constiiction was located centrally 
in tlie aortic arch, behind and to the right of the trachea and esophagus, between tlio oiigin 
of the subclavian and carotid arteries. 

Operation: Oct. 24, 1955 (Crafoord). AVhen the descending aorta was exposed, the 
left subclavian arteiy was found to be given off at the usual site, but to be wide and tortuous. 
Tlie ligamentum arteriosum ran from the same trunk in an anterior direction. Periiiherally to 
this ligament, the subclavian became narrower. The ligament was divided, and dissection was 
continued in the mediastinum behind the tiachea and esophagus, where the right subclavian 
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Pig. 1.—preoperative anglocardlOCTaphy showing- sharp angulation between ascending 
and descending parts of aorta, dilatation of carotids, both gi%en off from ascending a. ita, and 
diverticulum formation on descending aorta at origin of left subclavian artery. 

Ao osc, ascending aorta; Ao desc, descending .aorta; L. car. art. an<l R. car art. Jeft 
and rlglit carotid arteries; L. stibcL art., left subclavian artery; L.A, left atrium LV, WT 
ventricle. 
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was found. Tire distance between the two subclavian arteries was about 5 cm. The constric¬ 
tion was encountered directly proximal to the right subclavian. After splitting the peri¬ 
cardium, the aortic root was dissected on the anterior aspect; the left carotid artery was first 
encountered, and then the right carotid, almost at the same level. The coarctation re¬ 
appeared 3 cm. distal to the right carotid. A Potts clamp was applied to the right sub¬ 
clavian, whereupon a palpable pulse appeared in the right arm, and there was increased 
pressure in the right subclavian artery, peripheral to the clamp. The right subclavian was 
ligated and sutured. The aorta was then divided centrally to the coarctation, and sutured 
end-to-end in front of and lateral to the trachea and esophagus. 

The patient withstood the operation well. The pulsations in the right radial artery 
persisted for the first twenty-four liours after operation, but then disappeared. This must 
be ascribed to the decreased carotid pressure after correction. On discharge, no pulse was 
palpable in the right radial arter3’-, but the femoral pulses and left radial pulse were dis¬ 
tinctly palpable, although the latter was fainter than noi'mallj'. Pressure: right arm 85/75 
mm. Hg, left arm 100/70 mm. Hg, both legs 100/65 mm. Hg. 

A follow-up examination was made in March, 1956. The carotid pulses were softer; 
the pulse bi the left arm and both legs was palpable but faint. Pressure measurement in the 
carotid arterj' showed 110 mm. Hg, as compared to 140 to 150 mm. Hg, preoperatively. 
Angiocardiographj' disclosed a fairlj^ narrow communication between the ascending and 
descending aorta, and no postoperative aneuiysm. 

DISCUSSION 

The cardinal symptoms in coarctation of the aorta are: (1) absence of 
femoral pulsations, and hypertension in the upper part of the body; (2) col¬ 
lateral vessels, evidenced by a systolic murmur on the back, in older children and 
adults palpable in the interscapular region, and visible roentgenologically as 
notellings on the lower surface of the ribs; (3) in many cases left ventricular 
hypertrophy on the electrocardiogram; and (4) in some cases, inward bulging 
of the aorta at the site of coarctation, seen on the roentgenograms. 

In the present case, the diagnosis was based on the absence of pulsations 
in the arms and legs, and on the high carotid pressure. The anatomic details 
were demonstrated by selective angiocardiography. 

The patient’s physical underdevelopment, particularly during her first 
years, can be ascribed to the deficient blood supply. This also applied to her 
susceiitibility to upper respiratory tract infections. After her second year, her 
condition improved, and it can be presumed that the collaterals then became 
better developed. There scarcely seems reason to suspect that she had Turner’s 
syndrome (retarded groivtli, sexual infantilism, webbing of the neck, and an 
increased carrying angle of the elbow joints). This syndrome has been dis¬ 
cussed in connection ivith coarctation of the aorta, and is said to increase the 
risk of operation.'^ 

The patient was operated on at 6 years of age. Most authors have hitherto 
considered that operation should be performed at 10 to 20 years,when 
sufficient collaterals have developed and before arteriosclerotic changes have 
appeared in the aorta. Boesen and Mendel’s aforementioned autopsy series^® 
contained mmierous cases of coarctation of both the postductal and preductal 
tj'pe. The authors stated that ahnost 40 per cent of the patients would have 
been operable; 50 per cent of these infants died before one year of age. In an¬ 
other series of 90 infants reported from Toronto, 60 per cent of the patients 
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with the postductal t3'i3e and 89 pei’ cent with the preductal type died before 
one year of age, most of them even before 6 months.*® Gammelgaard and 
Baden'” therefore eoucluded that when coarctation of the aorta gives rise to 
symptoms before 6 months of age, operation should he undertaken immediately. 

A tendency to earlier operation can be noted in the literature, the youngest 
patients operated on being 10 days,” 12 days,'® and 9 months.'” At our ho.spital 
as well, there lias been a tendencj’^ to operate at an increasing!}' early age, since 
it has been found that the aorta and the sutured region grow at the same rate 
as the individual. For the past seven to eight years, it has been our rule to 
suggest operation at any time after 3 years of age. In eases with signs of 
hypertension in infancy, and with elcetrocardiographie changes, roentgenologic 
anomalies or clinical s}Tnptoms, operation has been advised as soon as the 
anatomic details have been ascertained. The 2 youngest patients, with coarcta¬ 
tion of the aorta operated upon at om- hospital, have been 13 and 23 months old, 
respectively, 

Enibryology .—The embryologic development of the anomaly in question can 
be envisaged as follows: In the 2.5 mm. fetus, the dorsal aortae start to fuse 
upward and downward in the abdominal region, upward to the seventh to fifth 
intersegmental aortic branches.” The ventral aortae become fused to form the 
truneus arteriosus. Six pairs of branchial arehes develop successively between 
the cranial parts of the ventral and dorsal aortae (Fig. 2, a). In the 10 mm. 
fetus, these branchial arches have already degenerated, with the e.vception of the 
tliird, fourth, and sixth pairs. The third pair becomes the proximal part of 
the internal carotid artery. The left part of the fourth pair normally forms 
the aortic arch; its right part becomes partially atrophied and partially in¬ 
cluded in the proximal part of the right subclavian artery. Its most ventral 
part becomes the innominate artery. The right and left pulmonary arteries are 
formed fronr the sixth pair. Its left dorsal part normally forms the ductus 
arteriosus (ligamentum arteriosum), whereas its right dorsal part atropliies. 
The stage shown in Fig. 2, 6 has then been reached. The intersegmental branches 
from the dorsal (descending) aorta, which form the subelaman arteries, are given 
off at the level of fusion of the dorsal aortae, but they later shift cranially, so 
that they generally originate proximal to the ductus arteriosus. 

Stenosis and atrophy may occur in other parts of the bronchial arehes and 
aortae. If, with a left aortic arch, this occurs between the right subclavian artery 
and tlie right common carotid, it results in a right subcla\'ian with an anomalous 
origin, given off as the last branch and behind the esophagus. AVith corresponding 
atresia, when the right fourth branchial arch instead persists as the aorta, the 
situation is that shown in Fig. 2, c. The left sixth branchial areh then persists 
as the ductus arteriosus. If, in such a case, the right descending aorta is drawn 
over to the left and there is, in addition, coarctation between the origin of the 
right carotid and right subclavian, the conditions are those seen in Fig. 2, d, 
and which correspond to the vascular anomalies in our patient. The collaterals 
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between tlie carotid and subclavian regions liaA’^e also been drajvn in this figure. 
Fig. 3 is a schematic draAving of the topographical anatomy in this case. With 
respect to the right subclaA'ian, tlie observations at operation shoAved that it 
seiAmd as a collateral, and that here the blood floAved in a retrograde direction. 
As far as the left subelaA''ian is concerned, no data are UA^ailable regarding the 
conditions before removal of the coarctation. It seems likely that the blood 
floAved distally after operation, since pulsations then appeared, and have per¬ 
sisted in the left radial artery. 




o_ CL The embryonic stage, when the dorsal aortae fuse to about the seventh 

intersegmental arteries, and the ventral aortae form the truncus arteriosus. 

h. Normal development with left aortic arch and left descending aorta, as well as left 
ductus arteriosus. , , 

c. Right aortic arch, right descending aorta, left ductus arteriosus, and left subclavian 

artery with anomalous origin. , , . . ■ 

d. As in c, but with coarctation between right carotid and right subclavian arteries, 

and dragging of descending aorta to the left. Collaterals between carotid and subclavian 
regions. „ , 

AM., dorsal aorta, A.v. ventral aorta: C.i., internal carotid artery; external 

artery; S.c.. subclavian artery: 1,2, S,-i.S, e,7 'ntersegmental brandies of dorsal aorta, of 
wliich 5 and 6 become the subclavian artery; Ij II, HI, I^j ^I> branchial arches. 
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Accoiding to a theoiy of Bedfoitl and Paikmson/ iiglit aoitio aicli with 
lett descending aoita is due to one of the thicc toDowiiig causes (1) iioimal 
development oi a lett sided diietiis aitetiosus fioin the left fouith hianehinl 
aich, (2) a left subclaMan aitciy dcicloped tiom the poisisting loft doisal 
doitie loot, oi (3) a double aoitie aieli In ill 3 eases, the light deheendiiig 
aoita IS stated to be diawii oiei to the left, behind the esophagus Xo sup- 
poit toi the theoiy of the diagging effect of the left siiholaviaii is found in 
tlie mateiial desciibed bv Eek ■’ In 2 eases, he found a light aoitie arch nitli a 
light descending aoita, and the left subelaiian behind the esophagus, and be 
tween the esophagus and the trachea, i espectn elj' 

Oin patient had both a leit sided dnetiis aitciiosns and a left subclaiian 
aitciv del eloped fiom the peisisting left doisal aoitie lOOt This may lend Slip 
poit to Bcdfoid and Piiikinson’s tbcoiv, but does not lule out the e\istenee ot 
some othei cause 



FIs' J —Scliematic tlrawlng ot the toposraphlcal anitonij In the cn^e ile'scribel The 
aorta an i right subclavian artery run behin I the trachea ami esohhaRU'? Both carotlils arc 
hiven oft frotu the ascemllng aorta The left aubc!a\ian starts NSlth a Ol\erticulum form i 
tJon from which the ductus artenoaus originate** 

R cm art right carotid arterj L oar art lett carotid irtery ft iuhcT OTt right ‘nib 
claMan niterj L ^nhcl nit left subcHxian arter> 

Both the so called adult postductal tiTie of eoaietation of the aoita and the 
infantile piediietal t\pe aie eonsidcied to oiciii at an eailv embijomc 
stage,’ ’ piobabh duiing the second month ’ Our patient also had cleft 
p,ibite This iiialfoiillation is due to a lack ot union betueeii the two palatine 
piocesses gnen off medially fioin the lYnxiliiij piocesscs” In the 25 to 30 
mm fetus, the tongue is tamed caudallv, so that the palatine processes which 
oiigimllj lai beside it come to be aboie the tongue Tiiei then glow tonaid 
each othei and unite in the niidlnic In the -U mm fetus, the foimation of the 
hony pdate his ilieadi started Thus, both the laseiilai anomahes and he 
raalfoiillation of the palate ti\ the time at uliHi the fet.i) mjiin *' ‘ 

latei p nt of the second emhiyoiiie month 
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SUMMARY 

1. A case is described of coai’ctation of the aorta, pi’oxinial to both sub- 
ela^dan arteries, together with a right aortic arch and left descending aorta. 
The diagnosis was made pi'eoperatively bj'^ means of selective angiocardiography, 
among other examinations. A palpable pulse was lacking in both the radial and 
the femoral arteries. 

2. At operation, the coarctation was resected and the aorta, which ran be- 
liind the esophagus, was transposed to run in front of the trachea. 

3. The patient, who presented a rare variant of coarctation of the aorta, 
was operated on at 6 j’^ears of age. It is ponited out that the recent tendency is 
to undertake operation of this malformation at an early age. At the authors’ 
hospital, it is done at any time after 3 years of age. 'When signs of enlarge¬ 
ment of the left side of the heart are j^resent, it is performed even earlier, as 
soon as the anatomy has been determined. 

4. The embryology and pathogenesis of the anomalies in question are dis¬ 
cussed. 
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BUBBLE DIFFUSION OXYGENATOR FOB CARDIOPULMONARY 

BY-PASS 

Denton A. Cooley, M.D., Benjamin A. Bemionte, M.D., 

Joseph R. Latson, M.D., and James F. Pierce 
Houston, Texas 

R ecent demonstration of the clinical feasibility of extracorporeal circu¬ 
lation for cardiopulmonary by-pass has opened a neiv era in surgical 
treatment of cardiovascular disease^'” Development of an ideal oxygenator for 
the system has been the major variable in the pump-oxygenator systems which 
have been described since the pumps which arc used are relatively uniform 
in principle. Several methods of oxygenation of blood have been advocated 
and most have proved to be satisfactory although some have certain pi-aetical 
limitations. Perhaps the simplest method is the bubble diffusion system in 
which oxygen is diffused through unoxygenated blood. This method provides 
for adequate mixing of the blood and oxygen %vith a large surface area of blood 
being in contact ivith the bubbles of oxygen. DeAVall and Lillehei’ have de¬ 
scribed a simple disposable bubble diffusion system made from plastic tubing 
and consisting of a diffusion cylinder, defoaming chamber, and coiled helix 
or reservoir. In our experience, which numbers more than 135 oases of eardio- 
pulmonary by-pass, this device was used in 110 and proved to be satisfactory 
even for flow rates up to 3 L. of blood per minute.*' * Although the DeAVall- 
Lillehei oxygenator is simple and convenient compared to others in use, certain 
disadvantages exist such as the expense and availability of the plastic tubing, 
problems of sterilization, and the necc.ssity for assembly before each operation. 
Thus, having been convinced of the effectiveness of the principle of the 
DeAVall-Lillchei oxygenator, we devised a stainless steel oxygenator based up¬ 
on the same principle but which was compact, easily sterilized in the pressure 
autoclave, and readily assembled at operation. 


DESCRIPTION OP OXYGENATOR 


The o.xygonator consists of four principal parts all made from stainless steel 
(Pigs, 1 and 2). The diffusion plate for oxygen dispersal is perforated by 
150 drill holes measuring 0,021 inches in diameter and by a large central open¬ 
ing through which the venous blood enters the o.xygenating column (A). The 
column is 75 centimeters long and 3.75 cm. in internal diameter (B). At the 
top of the column, blood bubbles out of the overflow into the defoaming chamber 
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Fig. 1—Photograph of dismantled oxygenator showing the component paits including 
the diffusion plate (.4.), oxygenator column with open inclined trough (B), defoammg chamber 
(O), and reserioir ivith level indicator (D). 



Pig. 2.— A, Photogiaph of assembled oxygenator mounted in tripod holder Md connected 
ready for use. Bj Cutaway diawung showing method of oxygenation, defoammg, and storage 
of blood. 
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(0) This chamboi measuies 15 0 cm m diamctei and contains disposable stain 
less steel scoiiiiiig: sponges iiliicli aie coated Mith Dow Corning Aiitifoam A 
spia\ Ilcie the blood is consorted back to a liiiiiid state and leases the defoam 
iiig ehanibei thiough a spigot passing onto an inclined euculai tiough leading 
into the collecting ehambci (.D) This leseiioii has an attached calibrated 
stand pipe or lei el indicatoi made of glass tubing, the inside of iihieli is silicon 
i7ed Pioiii the leseisoii the oxsgiiiated blood is letniiied to the patient b\ Mas 
of the outflow pump 

A simple method of determining late of flow is ineoipoiated into the 
owgonatoi utihring the lei el indieatoi gauge on the side of the leseiioii Bi 
closing the lalve or spigot undei the defoaiiiing cbainbei foi a period of 6 to 30 
seconds the loluiiie of blood leaiing the lescisoii mas be iiieasiiied and the late 
of floii per minute ealeulatcd Tliciefoie, it is possible at any time dining 
eaidiopulmonan bi pass to calculate the latc of floii 

OPCBITION OF OvIIEMTOn 

The assembled oxigenatoi is rcmoicd fioni the steiile wiapping and placed 
on a table so that the appaiatns is suppoited on the bandies The inflow tubes 
of Tigon tubing foi icnous blood and oxigcn aie attached to the diffusion plate 
assombli undei the owgonatoi and a tube is attached to the outflow fiom the 
leseiyon The oxigeiiatoi is lifted into the tiipod holdei on the pump table 
and seemed fiiiuh (Fig 2) The antifoam spia\ is applied to the stainless steel 
sliatings Ill the defoaming cbambei Waim saline at tempeiatiire appiowmitoh 
112° F IS pomed into the chamber and fills the leseiioii to naim the entiie 
owgeiiatoi and maintain tomperatme of the blood dming bt pass Slioitlj be- 
foie cardiopnlmonaiy bi pass is commenced, fioii rate of tlio outflou pump is 
adjusted oi cahbiated using the waini saline in the leseisou and the lc\cl 
mdieatoi With the lesoivoii emptv, the inflow pump may he adpisted to tlio 
desiied flow rate bi calculating the late of filling of the leseiioii iiith Mood 
dining the piimiiig pioeess Dining eaidiopulnioiiaij bj pass, the outflow latc 
IS adjusted to the inflow so that a constant lei el is maintained in the oxj genatoi 
resell oil Ficsli hepaiiinzed waim blood ivliieb lias been maintained at body 
teniperatine is used to piime the si stem and fill the lesemoii and o\i geiiatiiig 
column Rate of oxj’gen flow is set at ten times the calculated floii rate of blood, 
usually bctiicen the extiernes of 4 L and 15 L pci minute 

KBSULTS 

The oxygenatoi has been used in 25 patients iiitli congenital caidiac lesions, 
mostly isolated i eiitriciilai and atrial septal defects Detailed losults of these 
opeiations mil be lepoited elsciilieie, but in no instance has tlie oxjgeiiatoi 
faded to pioiide for inoie than 98 pei cent oxigen saturation of the blood ° 
Defoaming has also been effeetiie as indicated bi samples of blood taken along 
with the tubing fioni the outflow connection winch ha\e been piescried foi moic 
thill a week aftei opeiatioii and in which no bubbles haie been demonstiated 
The largest into of flow used in these joung patients was 1,250 ec per nimiite 
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using a rate of 50 c.c. of blood per kilogram of body weight. With slight 
modifications of the inclined helix, however, rates of flow up to 3 L. or more 
per minute should be possible. In no instance have postoperative hemorrhagic 
complications or excessive hemolysis of blood been evident for periods of cardio¬ 
pulmonary by-pass up to 30 minutes. 

SUMMARY 

A stainless steel bubble diffusion oxygenator is described which is highly 
efficient and has the advantages of compactness, convenience, ease of sterilization, 
and simplicity of assembly at the time of operation. The device incorporates 
a simple method of determining flow rate through the system. 
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FURTHER OBSERVATIONS ON THE LYMPHATIC PICK-UP OP RADIO 
ACTIVD SILVER COATED GOLD COLLOID ADMINISTERED 
INTRATHORAGICALLY TO DOGS 

R A SIathsk V, M D ,* P P Hahn, Ph D , E I C vblson, 31 D , 

S H Auerb veil, 31D , and G R 3lENEELy, 31D 
Nvshville, Tenn 

I N A pievioHs publication,® tins laboiatoiy repoited that radioactive silver 
coated gold colloid injected into the empty hemithorav of pneumoneetomized 
dogs caused the destiuctioii of the superior mediastinal nodes m 90 per cent 
of those animals studied No haimful effects from tins tieatment weie noted 
In this eommunieation, these losiilts will be reviewed along with the results 
obtained bv the mediastinal injection of the colloid at the time of pneumonec 
tomj and folloiiiiig the intiapleural admmistiation of the diug at the time of 
lobeetoni} 

METHOD 

In these espeiimeiits, mongrel dogs (weighing 10 to 19 5 Kg) were used 
They ueie opeiatcd upon undei aseptic conditions, using intiarcnons bai- 
bituiate anesthesia At operation oi at various times during the postoperative 
period, radioactive silver coated gold colloid uas injected into the pleural 
space 01 mediastinum Tlie drug uas obtained from the BiooUiaien pile and 
processed after the method of Hahn® by the Abbott Laboratories of Chicago, 
III Previous studies" showed that it was necessary to use a dose of -10 me or 
more in oidei to produce a consistent radiologic effect on the mediastinal nodes 
The time inteiwal lietween operation and injection of the isotope did not alter 
the results The dogs iieie sacrificed at intervals ranging fioni two to forty 
four days after injection of the colloid mateiial At the time of sacrifice, repre 
sentative lymph nodes were dissected out, cleansed of adventitial tissue, weighed, 
placed in standard foimaldehjde tubes, and the radioactivity doteimincd by a 
Texas well counter Histologic studies of the right bronchial, the carinal, the 
left bronchial, the anterior superior mediastinal, the right superior mediastinal, 
and the left supeiior mediastinal Ijmph nodes wore carried out Previous 
studies" revealed that a significant quantity of the colloid mateiial was pres 
ent in the mediastinal nodes of dogs sacrificed on the second postinjection day, 
dogs sacrificed latci did not liave significantly more gold in the nodes studied 
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Therefore in calculating the node dosage in beta equivalent roentgens, it was 
assumed that energy emitted after forty-eight hours could be considered as the 
l}Tnph node dose. 


RESULTS 

Of the 10 dogs in Group I that received more than 40 me. of the drug intra¬ 
pleural ly following pneumonectomy (Table I), it is notable that the superior 
mediastinal group of nodes received adequate irradiation in 70 per cent of the 
eases. In 2 dogs, the interval between injection and counting was so long that 
the counts were not reliable. Histologic study of these nodes, howevej-, showed 
them to be markedly disorganized. If these nodes are accepted as having re¬ 
ceived adequate irradiation, the percentage is then 90 per cent. There was one 
death in this group of animals. Dog No. 18 died on the forty-fourth post¬ 
operative day of pneumonia which was thought not to be related to gold ther¬ 
apy. This dog’s bone marrow was normal. All animals had well-healed bron¬ 
chial stumps at the time of autopsy. 

Table I. Gkoup I. Bogs Receiving iNTiiAPi.EURAL Gold Colloid Following Pneumonectomy 


number 

dosage 

(MC.) 

fi* superior 
anterior 
mediastinal 

P SUPERIOR 

mediastinal 

LEFT 

P SUPERIOR 
MEDIASTINAL 
RIGHT 

26 

44.4 

28,546 

5,855 

13,270 

27 

44.4 

399,254 

181,032 

315,675 

14 

50.0 

6,211 

96 

85 

12 

50.9 

88,632 

3,451 

2,096 

8 

52.0 

198,077 

9,869 

48,735 

9 

52.0 

83,220 

52,440 

96,777 

10 

52.0 

34,940 

16,783 

Not counted 

18 

75.0 

150,314 

Count too near back- 

Count too near liack- 




grouiii] count 

ground count 

19 

75.0 

365,489 

Count too near back- 

Count too near back- 




ground count 

ground count 

28 

150.0 

94,620 

86,549 

181,716 


Taken from Matuska et al.: J. Tiiokacic Sunc. 30: 525, 195C, pase 527. 
‘Radiologic effect is calculated as beta roentgen units. 


In the .second experiment, 12 dogs were subjected to pneumonectomy; witli 
the che.st still open, 45 to 51 me. (in 10 c.e. of solution) of radioactive silver- 
coated gold colloid were injected into the mediastinum under direct \d.sion. All 


Table II. Group II. Dogs Receiving Mediastinal Initltkation of Gold Colloid 


NUMBER 

DOSAGE 

(MC.) 


p SUPERIOR 
MEDIASTINAL 

LEIT’ 

P SUPERIOR 

MEDIASTINAL 

RIGHT 

5 


51,700 


48,154 

6 

51 

31,500 


169,800 

7 

51 

15,200 


76,200 

8 

51 


S 

25,100 

9 

49 

13,700 


12,900 

10 

49 

76,800 


81,900 

11 

49 

58,000 


76,100 

13 



299,500 


15 

4n 



24,300 

18 


16,500 

79,200 

54,300 

19 


55,800 



22 


40,100 

184,000 

114,400 
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of these animals showed liistologic destruction of the superior mediastinal groxtp 
of nodes. Radioactivity was also high, as determined by the Texas well counter 
(Table II). However, 3 dogs (25 per cent) showed evidence of a bronchial 
stump fistula. 

In the third experiment, 10 dogs were subjected to lobcetomy. At the 
time of operation 35 to 50 me. of the isotope were placed in the pleural space. 
The residual lung was inflated and the chest was closed without drainage. These 
dogs were sacrificed from seven to ten days following the procedure. Nine of 
the 10 dogs (90 per cent) liad significant irradiation of the superior mediastinal 
group of nodes as determined by the Texas well counter (Table III). On his¬ 
tologic study, all the superior mediastinal nodes showed varying degrees of 
radiation effect Tliero was one death in this series. Dog No. 21 died oil tlio 
fourteenth postoperative day following a left upper lobectomy. At autopsy, 
pneumonia was present in the left lower lobe and there was atelectasis on tlie 
contralateral side. It was felt that this dog died as a lesult of the procedure, 
but not as tlie result of tlie gold tlierapy. Except in the dog that died, the 
leinaining lobe on the operated side was ficc of abnormalities at the time of 
autopsy. 


TABtiE III. GuoDp III. Dogs Receimno I»iTRvpi.Eurj.t, Gold Colloid at Time of Lobectomy 


KUWECR 

DOSAGE 1 

/2 SUPERIOR 
ANTERIOR 
UFOIASTINAL 

p SUPERIOR i 

MEDIASTINAL ' 

l.EFT 1 

P SUPERIOR 
MEDIASTINAL 
RIGHT 

12 

50 

55,400 

25,500 

19,900 

14 

50 

121,500 

251,900 

Count too near back* 





gioimd count 

16 

45 

81,000 

93,100 

40,800 

17 

50 

Count too iie«u back 

Count too near back 

6,100 



ground count 

ground count 


20 

50 

112,600 

110,900 

180,100 

21 

50 

194,400 

6,300 

36,300 

23 

50 

223,800 

84,000 

256,600 

24 

50 

94,500 

26,500 

305,200 

25 

35 

177,000 

557,000 

389,700 

26 

35 

290,000 

219,000 

384,300 


The histologic changes in the mediastinal Ijunph nodes of all tliree groups 
can be considered together. There was total necrosis of the nodes and the 
immediate surrouiidiiig tissues in those instances in which the radiologic effect 
was the greatest In the less severe cases, the nodal arcliiteotnre was partially 
preserved, but with a complete loss of lymphocytes; plasma cells and reticulum 
cells were piominont survivoi-s in these nodes. Erythrophagocytosis was noted 
in lymph nodes with high counts in animals that were sacrificed early. It is 
notable that the vascular damage ticqnently assumed a form Avhieh strikingly 
resembled fibrinoid necrosis. 


DISCUSSION 

One can conclude from these experiments that the Ijnnphatics of the parietal 
and mediastinal pleurae in dogs drain into the mediastinal hmipli nodes bilat¬ 
erally. These nodes may be destroyed by the intrapleural or intramcdiastinal 
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injection of radioactive silver-coated gold colloid. It is felt that if these ob¬ 
servations prove to be valid in the human being, a prophylactic type of medi¬ 
astinal dissection may be added to pneumonectomy in the treatment of pa¬ 
tients with resectable bronchogenic carcinoma. Although we do not think it 
lilvcly that Ijnnph nodes replaced by tumor would pick up sufficient radioactive 
material to destroy them, it is not unreasonable to believe that small tumor 
emboli in these nodes could be destroj'^ed by this method. IVe do not advocate 
the mediastinal injection of this drug in human beings because of the high inci¬ 
dence of bronchial stump dehiscence in dogs. 

Six patients have been treated with radioactive silvez’-eoated gold follozving 
pneumonectomj'^ for hrochogenic carcinoma at the Thayer Veterans Adminis¬ 
tration Hospital. No ill effects have been observed from this therapy. Dosage 
has ranged from 75 to 150 me. Three of these 6 patients are alive, eight, twenty, 
and twenty-seven months following therap 3 % without evidence of recurrent 
tumor. 

SUMMARY 

1. Kadioactive silver-coated gold colloid consistently produces a radiologic 
effect upon the mediastinal Ijnnph nodes of dogs following intrapleui’al injection 
and following injection into the mediastinum. 

2. No harmful effects have been noted following intrapleural administration. 
The incidence of bronchial stump dehiscence follo\ving the intramediastinal in¬ 
jection of the colloid in pneumonectomized dogs was 25 per cent. 

3. Currently we are treating human beings with the gold colloid following 
resective surgeiY for bronchogenic carcinoma. 
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VISUAL KEPAIR OP CONGENITAL AORTIC STENOSIS DURING 
HYPOTHERMIA 

^E^R 1 SwvN, MD, Robert H AVilkinson, JID (by im'iTAaiON), and 
S Gilbert Blount, Ir, MD (by invitvtion) 

Denver, Colo 

C ONGENITAL olistruction. to left vontiiculax outflow, eitliei at tho aortic 
valve 01 at subvalvulai level was foimeily considered to be both relatively 
uncommon and benign Abbott,’ in icporting 1,000 cases of congenital henit 
disease, found 18 instances of subvalvular and 11 of valviilai aoitic stenosis 
Nadas’ stated that these 2 lesions accounted foi slightly ovei one poi cent of 
his patients uith congenital hcaxt disease Campbell and Kaunti',’ howevei, 
reported 40 patients and emphasi/ed that tlie lesion is moie common tlian is 
generally thought The 11 surgical patients m oiii pieseiit soiies weie selected 
from a total of 57 patients with congenital valvular or subvaUulai stenosis 
These 57 patients represent about 5 pci cent of tlie total individuals obseived 
m our clinic with congenital heart disease during the past 6 years Certaiiilj 
the incidence is far below tliat of septal defects but, nontlicless, obstruction to 
left vontiiculai outflow is not a rare lesion 

The benignity of this disease has also been subject to some question in 
recent jeais In a group of 37 patients. Downing’ reported three instances of 
sudden death Nadas” encountered 5 such accidents in a group of 67 patients 
and, mote recently, Brasermau and Gibson- reported comparable figures with 
6 cases of sudden death m a senes of 73 patients follouod over an 8 year period, 
an incidence of 8 2 per cent AVe have liad 3 cases of sudden deatli nr our gioup 
ot 57 patients, or 5 2 per cent It is apparent, tlieiefoio, that the lesion is fat 
from benign and a safe and effective operative procedure would have much to 
recommend it 
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The first operative attacks on congenital obstruction were transventricular, 
using instrumentation similar to that employed for rheumatic aortic valvular 
stenosis. Bailey® stated that the small aortic lumen in children makes this ap¬ 
proach technically easier than the closed transaortic route, smce the vessel 
is too small to accommodate the finger. Marquis and Logan^ reported 6 patients 
operated upon via the ventricle. All but one patient had postoperative aortic 
insufficiency which was considered to be severe in 2, moderate in 2, and slight 
in one. Downing^ rei^orted 19 operative patients with one operative deatli and 
one death due to a cerebral vascular accident several months postoperativel 3 ^ 

Experimental!}^, open operation on the aortic valve, using circulatory oc¬ 
clusion, was fii’st deseifibed by Carrel® in 1914. Apparentl}^ little further study 
of the problems involved were undertaken until tlie work of Clowes and Neville® 
in 1954. In accord with our often expressed opinion that most, if not all, intra- 
cardiac operations can better and more safely be done under direct vision, an 
experimental technique for the transaortic exposure of the valve during cir¬ 
culatory arrest and hypothermia was evolved in our laboratory in early 1955. 
Emphasis was placed on methods to prevent trapping of air in the heart to 
avoid coronary air embolism. The first patient to have a successful direct 
vision px'ocedure on the aortic valve Avas operated xxpon Nov. 17, 1955. The 
experimental technique and the course of the patient have been previously 
reported.^® Very shortly thereafter, LeAvis and his associates,also using cir¬ 
culatory occlusion during hypothermia, successfully operated upon a patient 
Avith congenital aortic stenosis by the transarterial open approach. Kay and 
MorroAV^® employed this method in a patient Avith subaortic stenosis. 

A different method for the open transaortic approach to the aortic valve 
has also recently been dex^eloped and applied clinically. That the heart might 
be nourished by retrograde A'^enous perfusion Avas first suggested by Pratt^® in 
1898, and subsequently demonstrated by Roberts, BroAvne, and Roberts^* in 
1943. Experimentally, Blanco, Adam, and Fernandez^® developed a method 
for general body perfusion combined Avith retrograde perfusion of the coronary 
sinus Avhich allowed exposure of the aortic valve. Based on these studies, Lillehei 
and co-Avorkers“ have applied the method clinically. This technique has the 
adA'antage of proA^iding a someAAdiat longer safe ixeriod for the open procedure, 
but has the disadvantage that the operatwe field instead of being dry is con¬ 
stantly flooded by coronary blood floAV. 

The 11 patients presented here Averc all operated upon using general hy¬ 
pothermia, circulatory arrest, and open, transaortic plastic revision of their 
stenotic lesion. 

PATHOLOGY 

Three of the 11 patients had subvalvular obstruction AAfiiile 8 had valvular 
stenosis. 

Subvalvular stenosis in all 3 patients consisted of a ring or collar of firm, 
whitish, fibrous tissue encircling the outfloAv tract of the left ventricle. This 
ring Avas located from 1.0 to 2.0 cm. beloAV the valve in each instance. The ring 
involved the lowest edge of the right valve cusp in one patient (Fig. 1). The 
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posteromedical attaelmient of tliese obstructing collars was across the ventricu- 
lai aspect of the aortic leaflet of the mitral valve. This is a relationship of 
extreme importance as well he discussed later. There was no deflnahle infitndib- 
ular chamber observable in the left outflow tract distal to the obstruction. Of 
great importance, however, was the uniform participation of the valve and the 
valve ring in the phenomenon of post-stenotic dilatation. This dilatation was al- 
readj- established in the ultra myocardial aorta so that the diameter of the valve 
ring was considerably greater than normal. The sinuses of Valsalva were also 
grossly enlarged and the valve cusps were moderately thickened. This par¬ 
ticipation of the valve and the most proximal portion of the aorta in the post¬ 
stenotic dilatation may contribute a radiographic contour suggesting the sub¬ 
valvular location of the lesion and also permits operative exposure through the 
valve ring via the aortic incision. In one patient, a small patent ductus arteriosus 
was present in association with subvalvular stenosis. 

Valvular stenosis was similar, in general, to the Type II stenosis of the 
pulmonary valve which we have previously described.’- The cusps were formed, 
and thickened fused commissures existed. The opening in the valve in all pa¬ 
tients was remarkably constant, avei-aging about 8 mm. in diameter. The com¬ 
missures were at times irregularly fused so that the valve orifice lay somewhat 
eccentric. The cusps, and most particularly the free edge of the cusps, were 
thickened and firm. However, in no patient was calcification present. We did 
not encounter a valve similar to the Type I pathology in wliich only rudimentary 
commissures were present and the valve was an inverted funnel. Tliis, how¬ 
ever, has been described.’*^ 

Bicuspid valves were found ui 2 of the 8 patients with valvular stenosis, 
and another had essentially a biseuspid valve except that the third commissure 
was partially formed. In the truly bicuspid valve, the orifice was a slit-like 
structure, and the surgeon liad the impression at operation that incision of the 
coinmissui’es had minimal effect upon the capacity of the thickened valve cusps to 
open more widely. Tlie incompletely formed commissure in the third patient 
with a bicuspid valve came to within 2 mm. of the free edge of the cusp and 
thus created the illusion of a tricuspid valve (Fig. 2). Incision of this incom¬ 
pletely formed commissure resulted in significant postoperative regurgitation. 
It is extremely important, therefore, that the operator realize the possibility of 
incomplete formation of commissures and avoid incision into such commissures 
if they are present. 

The post-stenotic dilatation beyond valvular stenosis began just distal to 
the uppermost attachment of the commissures to the wall of the aorta. The vessel 
was dilated to approximately twice its normal size in the ascending portion and 
then gradually tapered to normal in the first portion of the arch. This dilata¬ 
tion is not associated with hypertrophy of the aortic wall. Indeed, the vessel 
in this area is thinner and more friable than ui the descending aorta. Thus, 
the dilatation enhances the ease of application of tangential noncrushing clamps; 
the narrow segment just above the valve renders exposure of the valve more 
difficult; and the friable nature of the aortic wall makes closure of the incision 
both difficult and dangerous. 
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ciJxrcjtL coxiipmvTioss 

The reUtire ireo.ueney oi subTAlralar 2 S corapareti witJi valvular steuit^is 
has brea <ii£cn!; to asoertain ia the past. Certainly the only conolusive anstver 
hvmOiore deper.deU upon neeropsy ucjings. as even an operative approach 
through the iett ventricle wouH not dceide this question. The eliiiieai literature 
rviaave to this subject, thvreiore. has Id to eonsitlertible eoniusion. Thus, 
some years ago. when it was p-'^pular to consider the obstruction as usually sub¬ 
valvular in origin, reports by Yountr’ and Bronnan and Feil-' described the 
eiessical picture oi aortic obstruction and considered it to be due to subaortic 
stenosis. It would seem probable, at the present rime, that t;:e luajorit.v o; 
these patients had the obstruction at the valvular level, llore recently, the 
identical clinical picture has beta considered to cedect aortic valvular 
stenosis." *' 

There has also been considerable confusion as to the iriolcgy of aortic val¬ 
vular obstruction. Some of the patients presented as having c-jngeaital rortie 
valvular stenosis by Campbell and Kauntr might be considered to be of 
rheumatic or dengcaerarive origin by other observers. However, since it is 
apparently true that a patient with relatively mild aortic vtslvular stencsis may 
develop degenerative changes and thus present, in later jears. with ealcidc 
aortic stenosis, it is dincult if not impvesible at this stage to determine the 
enact etiology trom clinical evaluatiou. It is evident that in order to be certain 
that the valvular stenosis is congenital in origin, one would have Imd to evalitate 
personally the case prior to the tenth year of life and to have found the classical 
clinical picture oi aortic obstruction without rmy history oi rheumatic disease. 
Eveu the history of a murmur from childhood in a patient 40 years of age is 
not .-dequate bac^round upon which to mahe a diagnosis of a congenita! de¬ 
formity. as the murmur might have had a diaeren; origin. 

The patients in the present series were all below 15 years of age, with but 
one exception, and a murmur associated with the classical clinical picture was 
noted prior to the age of I'd in all but d patients. The actual pathobvay was 
also observed ia a dry neld at the time of surgery in all patients. Therefore, 
in this present series, uo doubt ettists as to the congenit-tl etiology of the lesion, 
nor as to the site of the olstructicn, 

SynpJo’n'rioV^y.—Reliance on symptonrs la evaluating the severity oi ob- 
siruetiou in children with congenital aortic stenosis is not rewarding and. ae"- 
timlly. may be most misleading. Kehtiively severe oburuction may tjdst '.vithoat 
any symptoms whatse>:ver. The presence of dimy spells and bouts of syucoue are 
omincus symptoms and may presage sudden death. On the other hand, sudden 
death may occur without any previous symptom. The iindiitg of decreased ex- 
ervise tolerance is a: times noted, bat this is irstuentiy dimcult to assess in a 
child. The development of congestive failure is rmconanon. but decs oc-tur. 
Th'us. in general, the problem is similar to evaluating patients with pulmonary 
valvular sterods and an intact veatrlcular septum, in whom symptonts are als>i 
misleading. In both instances, the patients may have severe obstraction and 
yet bmve tnird.mal symptomatology. In the over-all clirical evaluation of the 
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patient, therefore, tlie ijhj’sieal findings, eleetroeardiograni, and fluoroscopic 
examination are the important factors in the evaluation of the severity' of the 
obstruction. 

Physical Fmdings .—The classical phj’-sieal findings have been well outlined 
by iirevious authors.-' The body habitus is usually normal. A systolic 

thrill to the right of the upper sternum and transmitted into the neck vessels 
is almost always pi’esent, as it was in aU patients in our group. The thrill may 
be rather diffuse over the preeordium, but is usually maximum to the right of 
the upper sternum. Palpation of the apical area of tlie preeordium will fre- 
ciuently reveal a forceful sustained thrust that is associated with left ventricular 
hypertrophy. The peripheral pulse may be entirely- normal or may be small, and 
the blood pressure and pulse pressure may be normal, or there may be a some¬ 
what lowered systolic pressure and a decreased pulse pressure. These findings 
vary, in general, with the severit.v of the aortic obstruction. 

Auscultation reveals a loud harsh systolic murmur, well heard at the base, 
and usually of maximum intensitj- in the first or second right intercostal spaces 
at the sternal border and well transmitted into the neck vessels. In the patients 
with subaortic stenosis, we believe that the murmur is frequently of maximum in¬ 
tensity somewhat lower in the third intercostal space and beneath or just to the 
left of the sternum. This was true in the 3 patients with subaortic stenosis in 
this series. A diastolic murmur of aortic insufficieney was not pi-esent in any 
patient in this group. 

In distingxrishing subvalvular from valvular stenosis, the intensity of the 
second aortic sound has not proved to be of any value. In congenital x'alvular 
stenosis, the second aortic sound is usually of entirely normal intensity and 
may at times be increased. The reasons for the latter finding are certamly not 
clear. 

Electrocardiography .—The electrocardiogram offers valuable information 
in determining the severity of the obstruction. Evidence of left ventricular 
hypertrophy is considered to be a most reliable sign of the severity of the aortic 
obstraction. The electrocardiogram, however, may be Avithiii normal limits even 
in the presence of definite hypertrophy of the left ventricle, since it is not a 
very sensitive reflection of tlie degree of left ventricular hypertrophy. There¬ 
fore, the definite presence of left ventricular hypertrophy in the electrocardio¬ 
gram implies significant stenosis, and the earlier in life that this is present, the 
more significant is the finding. In addition, to the changes in the QES com¬ 
plexes, reflecting left ventricular hypertrophy, the T waves are usually in¬ 
verted in the left precordial leads. Thus, the changes are suggestive of the 
so-called '•'ss'stolie overload pattern,” as described by Cabrera.-^ The electro¬ 
cardiogram is particularly valuable, therefore, in the patient with no symptoms 
and a heart that is within normal lunits as regards over-all size. Severe stenosis 
and hj-pertrophy of the left ventricle may be present, reflected only by the elec¬ 
trocardiogram. 
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X tay and riuoj oscopy —Tlie mam pulmonary aitmj and its Inanclies iveie 
consideied to be normal in sire and amplitude of pulsations in all patients 
Dilatation of tlie ascending aorta lias been mentioned by most obsciveis as being 
a piominent featuie of tlie fluoioscopic cialuation of patients nith aoitic ob- 
stiuction' •> o It IS considered that the site of the post stenotic dilatation 
may be of some aid m differentiating subvalvulai fiom valvular obstruction 
At surgeij, ne ha\o noted that in subialvulai stenosis, the most proximal poi 
tion of the aoita ineluding the sinuses of Valsalva take pait in the post stenotic 
dilatation, whereas, in lalviilar stenosis, the post stenotic dilatation is noted to 
take its oiigin distal to the sinuses of Valsalva Theiefore, at the time of 
fluoioscopi, this uas looked for veij caiefnllj Honeiei, this is very difSeult 
to eialuate uitli any degiee of aecuiicy, since the lery pioximal dilatation lies 
within the shadow of the hcait Howeiei, m the 26 jeai old patient with sub 
aoitic stenosis, the low dilatation was clcaily noted on fluoioscopy and appeared 
as a double contour within tlie cephalic poition of the right atiial shadow The 
patients with lalviilai aoitic stenosis leicalcd a tendency for the poststenotic 
dilatation to begin faither along m the ascending aoita 

The heait was within noinial limits or vciy slightly enlaigcd as regaids 
ovei all size, but the conflguiation was abnormal In all of our patients, the 
configuration of the left icntriculai salient was suggestive of hj-pertiophy of 
the left ventiiele The left atiiiim appealed to be slightlj enlarged in some 
patients, but this was not a consistent finding No enlaigement of the light 
atrium or light ventiiele was obseived and, although looked for caiefully, tlieio 
was no evidence of calcification in the aica of the aoitic \alve ui any of these 
patients 

AnciUaiy Investtgahons —Ancillaiy mcasuies have been resorted to but 
infrequently in the present gioiip of patients and, in general, we have not con¬ 
sidered that they offer anj thing in the establishment of the diagnosis Direct 
pressure tracings from a peiipheial aiteiy or fiom the aorta always revealed 
changes leflectmg the obstiuctioii to outflow fiom the left ventiiele into the 
aoita In patients ivith less sevcic stenosis, this tracing may be noimal Brof 
man and Fed”" consideied evaluation of the recorded arterial pulse tracing as 
helpful in the differential diagnosis between valvular and subaortic stenosis 
However, most other observers do not agree,® and it has been our experi 
ence that peiipheial aiteij pulse ciiivcs are of no value in making this dif 
feiential Thus, while the peripheial aiteiial tracing reveals findings leflocting 
the stenosis, it is not a sensitive indication of the seierity of the stenosis and 
in no w ay differentiates subvalvular from i alviilai stenosis 

Right heart cardiac catheteiization is not considered to be of any value in 
the diagnosis of aoitic obstiuetioii The cardiac output and piessiires within 
the right heart are within noimal limits in most instances Downing,* however, 
has lepoited the finding of pulmonaij hj per tension in several instances The 
left atiial piessuie is frequently elevated m severe aoitic obstruction Retro 
giade transmission of the elevated left atiial pressure across the capillary bed 
might elevate the pulmonarj' aitery picssure, or it is conceivable that, in certain 
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susceptible individuals, the elevated pulmonary venous pressure might give 
rise to reflex mechanisms that would further elevate the pulmonary artery re¬ 
sistance and pressure. 

Left heart catheterization would, of course, offer the most valuable informa¬ 
tion. The simultaneous recording of pressure within the left ventricle and 
aorta and the determination of the gradient across the aortic obstruction, when 
considered with the cardiac output at that time, Avould reveal rather accurately 
the severity of the obstruction. However, most of our patients have been chil¬ 
dren, the left atrium has been of normal size or but slightly enlarged, and it 
has not been considered advisable to perform left heart catheterization in these 
patients. Thus, while this would be valuable information to obtain pre- and post- 
operatively, we have not considered tliat left heart catheterization is such a 
benign procedure as to warrant its use in these patients. 

SURGICAL CONSIDERATIONS 

The avoidance of coronary air embolism, critical to the success of open trans- 
aortic approach to the aortic valve, depends first on the fact that exposure of 
the coronary ostia to air with a beatirrg heart does not tend to drive air into 
the coronary arteries aird, second, upon the development of effective methods 
to displace all air from the heart and aorta at the time of retreat from the 
heart. Our experieiree in this group of patients concerning the first factor has 
amply confirmed the experimeirtal observations previously reported.^" There 
is no tendency for air to enter the coronary system when the valve is exposed 
to atmospheric pressure. 

As regards the second factor, many of the elaborate precautions taken in 
the earlier patients have rrot seemed necessary as experieiree has increased, so 
that the technique has been modified in the interest of simplification. Dissection, 
mobilization, and clamping of the lung roots, the right coronarj'- artery, and 
the great vessels of the arch of the aorta have all been omitted as not apparently 
essential in the prevention of air embolism. Only one patient in this series had 
air enter the right coronary arteries and this was easily managed by finger- 
massage and temporary cross-clamping of the aorta. 

The current technique, therefore, is briefly described as follows. The 
patient is rendered hypothermic by surface immersion==® and the lowest rectal 
temperature sought is 30° C. The transverse bilateral sternal-splitting incision 
is in the third interspace. The patient is positioned with the head of the table 
elevated and turned 20 degrees toward the right side. The venae cavae are 
mobilized and tapes placed around them. The aorta is carefully dissected down¬ 
ward at its base, mobilizing the fat pad in the groove between aorta and right 
ventricle and auricle until the myocardial portion of the aorta is reached. The 
right coronary artery is carefully observed and protected A flap of pericardium 
and adventitia, hinged laterally, is now raised over the proposed site of incision 
in the aorta, which should be in the most proximal portion of the aorta possible. 
Pour stay sutures of 5-0 arterial sillc are now appropriately placed in the aorta 
and a specially designed nonerushing clamp is applied (Pig. 3). This maneuver 
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may be facilitated by temporarily occluding the venae cavae so that arterial 
blood pressure is momentarily lowered during the careful application of the 
clamp. The bite should be big enough to provide adequate tissue for incision, 
but not so great as to occlude blood flow in the aorta or obstruct the lumen of 
the ostium of the right coronary artery. The incision in aorta is made about 
or -1 cm. in length. 



Fjff 3—Specially designed noncrushing clamps which have proved valuable for the 
aortic Incision just abov'e the valve The clamp on the left Is made by George P Pilling 
and Son, Philadelphia, Pa, the one on the right by Bruno Richter, I^ombard, III. 


Inflow occlusion of the heart is now effected by traction on the caval tapes. 
A clamp is placed across aorta and 1.0 to 1.5 ml. of 1:4000 Prostigmin is injected 
proximally for coronary perfusion to slow the heart and protect against ven¬ 
tricular fibrillation. The transaortic clamp is removed. A nonerushing clamp is 
now placed across main pulmonary artcrj-. The transaortic clamp is replaced 
after a few beats of the heart, and the clamp on the aortic incision is now re¬ 
moved. The aorta is usually entered about one minute after inflow occlusion has 
been achieved. After some hlood loss as the heart empties the pulmonaiy veins, 
left auricle and ventricle, the field becomes completely dry. 

The principle of the operation is based on the supposition that the thickened 
ftised commissures can be accurately incised toward their insertion on the aorta 
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in such a fashion that tlie cusps on both sides retain part of the commissural tis¬ 
sue and thus remain intact and competent. If no commissures are present, this 
principle could not be applied, without creating disastrous regurgitation. In 
t ns series of patients, as much incision as deemed possible was made in all 
three commissures (or in both commissures of a bicuspid valve). The opera¬ 
tion on the valve itself, therefore, was maximal in terms of the underlyino- 
principle. ° 



Fig-. 4. Fig. 5. 

Fig. 4.—Following dissection of the root of the aorta, stay sutures are placed to facili¬ 
tate the placement of the noncrushing clamp isolating the poition of the vessel which will 
contain tlie incision Tapes have been placed on the venae cavae to provide inflow oc¬ 
clusion as needed Right auricular tip is sutured laterallv to auricle to provide exposure. 
The right coronary artery is exposed for piotection duiing placement of the clamps 

Fig 5.—During the procedure on the valve, the inflow' tapes are tightened, the aorta 
IS clamped distal to the incision, and the pulmonary arterj is also clamped. In the retreat 
from the heart, the left heart and aorta are allowed to fill wdth blood by removal of the 
pulmonary clamp and release of the superior vena caval tape. When all air has escaped, 
the noncrushing clamp is applied to the incision and the cross-clamp on aorta instantly re¬ 
moved. The inferior vena cat a is then released to restoie full ciiculation 

For subvalvular stenosis, the valve is held open by a suitable retractor. 
The constricting ring is identified and grasped with the forceps. The anterior 
and right lateral portions are excised with a knife or scissors. Great care must 
be taken to avoid injuring the mitral valve which lies posterior and slightly 
to the left, and which can be injured where the constricting ring is attached 
to its ventricular surface. Escape from the heart is acliieved bj^ removing the 
clamp from pulmonaiy artery and superior vena cava. Blood soon wells up in 
the aorta and when all air is thought to have escaped, the noncrushing clamp 
is carefully reapplied to the incision. The transaortie clamp is now inunediately 
removed and blood flow is re-established. The tape on the inferior vena cava 
is released after an additional few moments. The total occlusion time varies 
between 5 and 7 minutes. 
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The noitic incision is non meticulously closed iMtli figiiie of eight inter 
inptcd sutuies, a Gelfoain pid is placed on the siituic line, and held in place 
bv losutming the peiicaidial .id\entitMl flap The aoita here is fiiable and 
does not sen as readih as aich oi descending aoifa The aortic closuio is 
thus both difficult and iieive nraclving 

Peiicardiniii is loosch closed, bilatcial chest tubes aie inscited foi plciiial 
drainage, the steimnii is appioximatcd with wire sutuies, and the two tho 
lacotomies elosod with silk No diessiiig is applied to the incision Dining this 
portion of the procedme, the patient is being waimed nith diatheimj 

RFSULTS 

The lesiilts ot opeiation in this senes are shonn in Table I Of the 4 pa 
tients nho had siiiiptoiiis, the child nith sjneopal episodes piioi to sitigeiy as 
well as tho one who coinplaincd of dirri spells liaic had no simptonis since 
suigeij and both aie consideied b\ their paicnts to have increased exeicise 
toleiance The othci 2 who had had diminution of exeicise toleiancc base 
shown veil definite inciease in actiiiti Of the 4 patients who were thought to 
he asjTnptomatic pnoi to siiigcrj, 3 remain so although one has had bouts of 


Table I Etrvis Pvtilsts With Coscfsitai Ioutio brrsosis Treatfd With Opev 
T rwsAORTio Operation 


PATirNTS 1 


1 AGE 

1 SS MPTOMS 1 

HESULTS 

E 

A 

F 

10 

Valittlar Stenosis 

2m one 

Bicuspid valve, thrill gone, murmur 
decrexaed 

T 

Af 

31 

51^ 

Episotlos of '.yiicopc 

Bicuspid vahe, thnll gone, le«s 
murmur insufficiency minim'll, 
no further syncope 

J 

R 

31 


None 

Thrill gone, le^s murmur, moderate 
insufficiency, heart '^ize unchanged, 
no symptoms 

R 

F 

M 

12% 

Extertional djnpne^ 

3Ioder'ite insufficiency, febrile course, 
died of disruption aortic suture 
hno on 27th day 

C 

I) 

M 

10 

Exertional dyspnea, 
dizzy spells 

Ihnll gone, murmur decreased, all 
symptoms disappeared 

AI 

H 

AI 

I?l2 

EAcesene perspira 
tion 

Thrill gone, murmur decreased, 
moderate insufficiency, no change 
in heart size, no symptoms 

c 

s 

AI 

u 

Decrc'ised exercise 
tolerance 

Thrill gone murmur decreased, 
mimmal insufficiency, cxcicisc 
tolerance increa«ed 

c 

E 

31 


Deere ised exercise 
tolerance 

riirill gone, murmur decreased, 
exercise tolerance increased 

w 

AV 

F 


HsuJivalvular Stenosis 

Decreased exercise Thrill gone, murmur less, died 5th 

tolerance dxi, tracheobronchitis 

c 

T 

AI 

26 

None 

Thrill gone, murmur Ie‘*s, occasional 
auricular tachycardia 

AV 

B 

3t 

5 

Exertional dv'tpnex 

Died day of operation 
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paroxysmal atrial tachycardia for which he refuses medical care. The otlier has 
been noted to have a great deal more energy than preoperatively and, in ret¬ 
rospect, it is felt that he actually did liavc some impairment of his exercise 
tolerance. 

The systolic thrill palpable in all patients along the upper right sternal 
border preoperatively disappeared following surgery. Likewise, the systolic 
murmur, although it did not disappear, Avas universally deei’eased in intensity, 
quality, and in the extent of transmission. 

Aortic insufficiency in varying degrees developed postoperatively in 5 pa¬ 
tients, 2 of whom had a bicuspid valve, one of whom died of another cause. This 
is considered minimal in 2 and of moderate severity in 2. Increases in pulse 
pressure ranging from 20 to 57 mm. Ilg were observed in these patients, re- 
tleeting botli a decrease in tlie diastolic pressure as avoII as aji increase in systolic 
pressure. On the other hand, those patients who had no murmur of aortic in¬ 
sufficiency showed a maximum increase of 20 mm. Hg in pulse pressure. Despite 
the increased pulse pressure in these 4 patients, there has been no evidence of 
cardiac enlargement or congestive failure. The end result of their insufficiency 
remains to be seen, but it appears to date that the benefit from removal of the ob¬ 
struction outweighs the burden of the regurgitant flow. 

Objective laboratory evidence of regression of left ventricular enlarge¬ 
ment and post-stenotic dilatation has not been found. However, only a little 
more than a year has elapsed since the first patient of this series was operated 
on. The eleetroeardiogram, in all instances, shows no significant regression in 
the amplitude of the left ventricular complexes nor in the activation time in 
the left precordial leads. On flxioroscopy, tliere lias been no evidence of in¬ 
crease in heart size, although the amplitude of the pulsations has been increased 
in all patients. This again may reflect the inci’case in cardiac output in some, but 
is probably indicative of the aortic insufficiency in others. There has been no 
apparent change in the degree of post-stenotic dilatation; however, there has 
not been any increase in the size of the aorta. 

One patient (C. S.) developed fever, anterior chest pain of a pleuritic na¬ 
ture, and pain in the left shoulder 3 months postoperatively. There was no 
evidence of pleural or pericardial friction rub or fluid, nor Avas there evidence 
of an infectious process elseAvhere. This Avas interpreted as the pleui’al peri¬ 
cardial syndrome. The patient responded promptly to a short course of steroid 
therapy and has had no recurrence of his symptoms. 

Of the 11 patients, 3 died. One (W. B.) died several hours after surgery of 
acute and intractable congestive failure folloAving removal of a subaortic lesion. 
The specimen rev'ealed that the mitral valve had been injured in the resection 
of the constricting collar. One patient (W. W.) died on the fifth postoperative 
daj'' of tracheobronchitis. She had had a subvalvular stenosis relieved and at 
post-mortem examination it appeared that most of the obstructing ring had 
been removed (see Fig. 1). There was a small patent ductus arteriosus present, 
hitherto unsuspected, and there Avas extensive broncliiolitis. A third patient 
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(R F ) laii a piotiacted lebule oouise despite extensive aiitimiciobial tlieiapj 
Blood eiiltiiies veio stciilc but Ik died suddenly on the twenty seventh postop 
eiative day of heinoiihase fioin i pseudoaiieuivsm at the aoitie sutuie line 
He had had signs of aoitie insufifKieiiev postopcrativelj (see Fig 2) 

DISCUSSION 

The diffoiential diaanosis betMeen aoitic vahe and subvalvulai obstruction 
icmains most diflicnlt if not at times impossible In the past it has not been 
considoicd that the elinic d eialiiation of the patient offers any findings that 
will allow this diffeiential diagnosis Some autliois ha\o held that the recoided 
aiteiial pulse tiaeing oilus distmetne features, but most obsciieis are not 
m agicemcnt nith this statement \t the piesent time, it is the opinion of most 
that ancillary investigations, sneli as left heart eatheteiization and aiigiocardiog 
lapliy, likewise will not enable this diffeiential diagnosis to be established 
with aiij degiee of certamti 

The factors that hare been discussed in this paper aie eertanily not be 
liered to be dcfinitiie in establishing anatomic diagnosis, however, we have found 
them helpful Tims, the finding ot the haish, svstolio iniiiniiir of nia\nnum 
intensity in the thud mteispacc, just to the left of the sternum oi beneath the 
stonium, is considered to point tow.aid the obstrnetioii being at the subaoitic 
level The detection, where possible, of considerable dilatation in the very 
proximal portion of the aoita, that is, wntliiii the aiea of the sinuses of Valsalva, 
also points toward a subaoitic stenosis 'When both of these points aie defiiiitelj 
noted, the diagnosis of subaortic stenosis is made In this series, the diagnosis 
of subvalvular obstruction was made in 4 patients, and was correct in 3 

The establishment of ctiologj, especially in adults is also difBcult Un¬ 
less the obseivei has peisonally followed the patient fioin the early years of 
life, he IS not justified in stating that the lesion is of congenital oiigin AVhile 
It IS possible that a mild congenital aoitic valvular stenosis may, in the natural 
history of the disease, develop dcgcnciativc changes and calcifications, the vague 
histoiy of a murmur in childhood by no means indicates that congenital aortic 
obstiiietioii was the leasoii foi the imirniui Foi this reason, it seems piobable 
that many of the patients in the oldci age gioup recently lepoited to be of con¬ 
genital origin,^ in all piobability had acqmied foims of the disease 

In the past, aortic obstruction has been consideied to be a iclatnelj infre 
quent and benign lesion Hoivevei, recently it has been more frequently 
lecognizcd Those who have had the opportunity of following a senes of 
these patients for a period of time have encounteied sudden death as a not 
uncommon complication The lesion can ccrtainlj not be considcied benign In 
our opinion, therefoie, the finding of a clinical pictuic of significant aortic ob 
stiuction associated with definite and piogrcssive hypertiopliy of the left ven 
tiiele warrants surgical inteivention 

As a result of our surgical experience in this senes of patients, we are of 
the opinion that open opeiation upon the congenital aoitic valve and subvalvular 
stenosis is technically feasible under liypotheimia with circulatory oeclusion-»>v 
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]\Ioreover, the pathology of the congenital obstructions is such that an excellent 
lesult can be achieved. The operation has definite risks and should be applied, 
at the present time, only in selected patients. Tlie underlying tlieoiy that the 
pathology of congenital valvular obstruction Avill allow incision in the com¬ 
missures with maintenance of competence of the cusps has been shomi, we 
believe, to be generally true. However, in our application of this theory, aortic 
regurgitation has occurred sufficiently often to make us feel that the operator 
should err on the side of conservative relief of stenosis in order to prevent the 
undesirable occurrence of regurgitation. Aortic regurgitation unlike pulmonaiy 
regurgitation is a serious complication of surgery. Incisions into commissures, 
therefore, sliould be placed only in those commissures and only for such a dis¬ 
tance that the operator feels quite confident that both adjacent cusps will remain 
competent. ]\Iost consistent results in the long run, therefore, will be achieved 
by the subvahmlar t3TDe of obstruction, since in these patients, the risk of creat¬ 
ing regurgitation does not exist and if care is taken not to injure the aortic 
leaflet of the mitral valve, relief of obstruction should be quite adequate. 

Because of the precision required in the actual operative maneuvers for 
the correction of congenital aortic stenosis, it is our firm conviction that open 
direct vision technique is an essential component of the surgical therapj’- of 
this lesion. 

SUMMARY 

1. Eleven patients with congenital aortic obstruction were treated by 
direct vision transaortie surgical repair during circulatory arrest and hypo¬ 
thermia. 

2. Eight of these patients had valvular and 3 had subvalvular stenosis. 
The pathologj" observed is discussed. 

3. Eeeommendation for surgeiy depended on the clinical evidence of severe 
stenosis associated with left ventricular h^q^ertroplw. ]\Iild to severe sjmip- 
tomatologj- existed in S patients. 

4. The results are encouragmg but not uniformly ideal. The 8 surviving 
patients are considered to be iniproved, but slight to moderate aortic insufficiency 
exists in 4. iMethods to prevent this complication in tlie future are discussed. 
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A. DeWall, M.D. (by invitation), and Richard L. Varco, M.D. 

Minneapolis, Minn. 


O UR steadily increasing experience with a punip-oxygenator for the cura¬ 
tive treatment of various congenital intraearcliae malformations over 
the past years has created confidence and assurance about the well-being of 
patients during an interval of total cardiopulmonary bypass. 

As a direct consequence of this knowledge, the obvious benefits of com¬ 
parable visual operations have been extended to acquired or congenital lesions 
involving the aortic and mitral valves. 

The total number of patients operated upon for these ailments is as yet 
small and the surgical techniques to a variable extent are still in a develop¬ 
mental phase. Sloreover, in these operations, as in other new fields of surgical 
endeavor, unexpected problems have been encountered and unanticipated 
pathologic variations have on occasion demanded on the spot improvisations 
which have not always succeeded initialljL However, much has been learned 
through this inevitably painful method of trial and error and even upon the 
basis of this limited experience it has become obvious that direct vision offers 
improved therapy for patients with aortic stenosis or mitral stenosis, especially 
those mth more advanced states of vahoilar destruction. Moreover, for the 
first time, a definitive corrective procedure for those patients suffering from 
mitral regurgitation appears possible, and a promise of a similar improvement 
in the functional accomplishments for those afflicted with aortic regurgitation 
is offered by these techniques. 

Consequently more and more patients mth these lesions are being managed 
by use of total cardiopulmonary bypass and open cardiotomy. The surgical 
techniques developed and the results obtained so far for these various types of 
valvular lesions are presented herein. 

The Heart Lung Machine .—^An integral part of success in these operations 
has been the visualization of the valves. Utilizing a pump-oxj'-genator and 
total cardiopulmonary bypass the surgeon can carefully perform the necessary 
reconstruction. Normal body temperature has been maintained during the 
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siLgeiy and tins selves a dual fvmeVion The incidcnco of e.iidiac .uihythraias 
IS 1 educed .ind mamten.inee oi the oxygen itoi Wood .it oi a degicc ni tno 
.ihovo the patient’s body tenniei.atiiie cfteetively eontiols oxygen tension 
dining oxjgemtion 



Fiff 1 —Technique of total carcllopulmonao bypass for open heart surprery The 
senous blood is drained by gra\lt> siplionape For most patients the aitenal blood re¬ 

turned through a femoral arterj catheter inset Occasionallj the subcIaMan aiterj is 
cannulated for this return 


All patients wcio operated upon utilizing the helix icseivoii hiibblc 
oxygenatoi ' ’ This nistniment* is constructed of disposable polyvinyl jilastie 
tubing and actuated by a Sigmamotoi pump t Oui clinical expeiience with 
this pump oxygenatoi invohcs oici 400 patients Despite its lathei uiicom- 
plicated design, this apparatus has pioied unsui passed foi the reliable and 
efficient iiiaiiitenance of the eardioicspiiatoii fiinetions foi p,itionts of any 
size 

•The liell.c reservoir bubble ox>cenator components are made br The Phelan Manu- 
facturlns Company 2029 Washington Avenue South Minneapolis 4, Minn 
tSlgnianiotor Inc 3 North Main Street Mldlleport M T 
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Perfusion Technique. —^We prefer to drain blood from the venae eavae by 
gravity sipliouage into a venous reservoir.^ From this collecting chamber the 
blood flows or is pumped to the oxygenator. The arterial return is completed 
via a tliin-walled plastic catheter® inserted into the subclavian or femoral 
artery (Pig. 1). During the bypass interwal, certain physiologic checks are 
maintained over the patient by a monitoring electroencephalogram and a con¬ 
tinuous measurement of the systemic blood pressure is obtained via an 
internal mammary artery catheter. The flow rate is adjusted to keep the 
electroencephalogram normal and the systemic blood pressure normal or near 
normal.® One of the distinct advantages of an occlusive pump over the non- 
occlusive design has been the greater ease with which it is possible to maintain 
a normal blood pressure in the perfused subject without the use of vaso¬ 
constrictor drugs during the bypass interval. Most adult patients will have a 
normal blood pressure at a floAv rate of 50 to 75 c.e./Kg. of body weight with 
such a pump. Infants and smaller children may require perfusion rates in the 
range of 75 to 125 c.e./Kg. body weight per minute to achieve tliis goal. 



Pig-. 2. Calciflo aortic stenosis. These preoperative roentgenograms are from the 

first natient" tCase 1 Table I) opei'ated upon utilizing the pump-oxygenator and lytroper- 
fusion o/the raronary sinus. Note the lieavy calcification in the aortic area evident m the 
lateral film. 


When the size of the patient indicates that an oxygenating minute volume 
in the range of 2,500 to 5,000 e.e. may be needed, the double unit* is utilized 
together with the same pump (Sigmamotor TM-1). 


AORTIC STENOSIS 

Almost 2 years ago, in tliis clinic, a SO-^mar-old woman with severe acquiied 
calcific aortic stenosis (Pig. 2) had a direct vision repair of the diseased valve 
utilizing a pump oxygenator in combination with retroperfusion of the 
coronary sinus.'^ This technique alloived for a precise, deliberate plastic re- 


C. R. Bard, Inc., Summit, N. J. 
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pair of the valve while providing the contracting myocardium mth oxygenated 
blood An excellent clinical result was achieved in this patient and she is 
living and working as a normal individual at this time. Since that initial case, 
retrograde perfusion of the coronary sinus has been utilized in 7 additional 
patients with lesions involving the aortic valve The results of these operations 
are pi'esented at this time together rvith pertinent comparative obserwations 
derived from our experience in 9 other patients with aortic valve disease in 
whom alternative techniques (elective asystole with potassium citrate or acetyl¬ 
choline, temporary coronary ischemia) for direct vision aortic valve surgery 
have been tested in conjunction with total cardiopulmonary bypass at normal 
body temperature utilizing the pump oxygenator. 


Arterial blood ^ J 

from oxygenatof''$5g:rjrU ''v' 
Ihrouoh catheter 


through catheter-!/^ / 
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FIr- 3—Technique for aortic \alviiloplasty utilizing total cardiopulmonary bypass and 
retroperhision of the coronary sinus to permit \isuaIlzation of the aortic valve while main¬ 
taining the myocardial blood supply. 6, The use of a heavy scissors or knife Is sometimes 
necessar> for valvotomy In tlie acquired lesions This Is the safest method for aortic valve 
surgery 

Method of Coionanj Sinus Retroperfusion .— 

The patient is eomiected to the piunp-ovygcii.itor in the usual manner 
(Pig I) and the perfusion is begun, totally bypassing the heart and lungs 
The right atiiuni is opened and an appropriately sized pl.istic catheter (usually 
No. 14 to IG Pr) with a rigid plastic tip is inserted into the coionary sinus 
and secured in place uitli a piirse-string suture (Pig. 3). On the basis of con¬ 
siderable laboratory experience,'-'’ it is believed that the optimal peifiising 
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piessiire foi tins letiograde coionaiy siims flow is a mean of about 35 to 40 Jiun 
Hg We have acliieved this peifusion pressure b\ seveial techniques, but the 
simplest method has been to peifuse the coionaiy sinus from a leservoir ot 
oMgenatcd blood appioximatelj 50 cm aboie the lieait The blood 'volume in 
the lesenoii is maintained by an inflow of aiteiial blood fiom the oxjgenatoi 
{Pig 4) Piomptb aftei stalling the letropeifusion, the ascending aorta is 
cioss damped and, if an aoitic vahuloplastj is to be performed, the ascending 
aoita IS meised longitiidinallj The diseased lalvc is then repaiied undei direct 
\ision When the -v ahuiloplasti is completed, the aoitotomy is reapproMiiiated 
by application of a suitable vascular clamp and then eaiefully closed with a 
lunning silk sutuie Anj lesidual an within the aorta is expelled by the letio 
grade flow As soon as the aoitotomy has been closed, the letropeifusion is 
teiiiiinated and the cioss clamp leinovcd fiom the aorta, restoiing foiwaid 
coionaiy peifusion 



l-iff 4—Die most convenient methol for controlling the pie'ssure of the ’irterial blo^l 
rctroperfuslng the coronao sinus is to perfuse from a ie«?ervoir elevated 40 to o5 cm above 
the heart inset Portra>s one technique for rctiograde arrest (see text for other details) 

Recentlj (Table I, Cases 7, 8), x\o have used rctiogiadc acetjIchohnc m 
duced asystole m combination with rctioperfusion Aftei commenting the pei 
fusion ot the toionaij sinus acetylcholine is ni-jeeted into the retiogiadc eathetei 
until tlieie is .ilmost a complete standstill The ictiogiide catlietei is then 
clamped (Pig 4, msd) Tins technique facilitatis the ainst in pitients uitli 
some dcgiee of aoitic msuffiticnc\ and also piovides a still, di\ held during the 
peiiod that the y ilvnloplasly is being peifoimed Befoie the aoitotomy is closed, 
the clamp is iemo\ed fiom the letiogiade eathetei Tins alloyis artenal blood to 
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wash the acetylcholine from the mj'-oeardium and reinstitute good strong contrac¬ 
tions before forward perfusion is restarted. In aortic valve lesions in which often 
some degree of insufScieney is present, it is very important that the left ventricle 
be beating at the time that foinvard coronary perfusion is restored otherwise 
ii reversible left ventricular distention can occur. Two fatalities from this cause 
following potassium citrate asystole are summarized below. 

An alternative method has been to add enough acetylcholine to the perfusing 
blood to maintain the arrest even though the retroperfusion continues. This 
procedure is deemed more feasible when a longer period of arrest might be 
needed such as in coronary artery surgery or aortic valvuloplasty for insuffi¬ 
ciency. 

Early in our clinical experience with retroperfusion, the coronary sinus was 
perfused with a separate Signiamotor pump calibrated to deliver a predetermined 
flow of arterial blood to the myocardium. This technique was simplified subse¬ 
quently by removing the pump and securing oxj^genated blood directly from the 
main arterial limb of the oxygenator through a Y-conneetor. The pressure in 
this coronary sinus perfusing circuit Avas regulated by an adjustable clamp and 
monitored continuously^ by a strain gauge and Sanborn Twin-Viso recording 
apparatus. Although the two foregoing methods provided a proper coronary 
sinus floAV, the technique of perfusing from a reservoir at 50 cm, has been the 
simplest and therefore the most satisfactory for clinical use (Pig. 4). 

Siirgical Technique for Aortic Valvotomij .— 

Thoracotomy incision: The preferred incision for aortic commissurotomy 
under direct vision utilizing the pump-oxygenator has been a standard postero¬ 
lateral thoracotomy through the bed of the right fourth rib with the patient in a 
straight lateral position and positioned on the operating table so that the 
kidney rest lies directly under the incision. Elevation of this rest after the 
chest has been opened gn^es excellent exposure to the ascending aorta. The 
caval cannulations and access to the coronaiy sinus for retroperfusion are 
satisfactorily accomplished with this approach. The arterial cannula has been 
inserted either into the right subclavian or common femoral arteries. The 
femoral arteriotomy is ahvays repaired, and the subclavian arteriotomy is re¬ 
paired in older children and adults. 

The first patient operated upon by us for aortic stenosis, utilizing the 
pump-oxygenator for total eai’diopulmonary bypass, had a bilateral anterior 
thoracotomy, but the exposure of the aortic Amhm Avas not improved by this 
incision over that obtained AAdth the unilateral (right) thoracotomy and the 
likelihood of respiratory complications from the more extensive bilateral in¬ 
cision has been greater. 

In seA^eral of the patients Avith congenital aortic stenosis Avhere there Avas 
eAudence of possible associated defects such as patent ductus arteriosus, pul¬ 
monary stenosis, or left superior Amna caAm, Ave have continued utilization of 
the bilateral thoracotomy to alloAv management of these associated lesions at 
the same time. 

Aortofomy: After iiiA^estigating several types of incisions in the aorta, Ave 
believe the most feasible to be a longitudinal hockey stick aortotomy Avhieh curves 
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posteriorly as the annulus is approached and thus ends up almost parallel with 
the annulus and just above it. This ineisioii prevents extensions into the 
coronary arteries b}' inadvertent tears and also the flaplike opening tlius pro¬ 
vided improves the -ilsualization of the aoitic valve cusps. 

Clinical results with coronary retroperfnsion for aortic valvuloplasty: 
Bight patients had aortic valve disease. Three of these individuals had con¬ 
genital valvular stenosis, one had a congenital subvalvular stenosis only, and in 
the remaining -1 patients the aortic valve was the site of aeQuiied disease. The 
pertinent data upon these patients arc listed in Table I. 
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FIff 5—Su)j\alvular aortic stenosis (W JI. agreU 24 years) The pressures measured 
just beioie and after direct \ision excision of a subvalvular diaphragm through an open 
ciortotoni> The aortic ^alve was normal (Case -I, Table I) 


In the congenital valvular lesions, although the cusps were indeterminate 
ill luunher, the leaflets were in all instances soft and pliable allowing a precise 
commissurotomy under direct vision. In all congenital valvular stenoses we 
have converted the valve opening into a hienspid orifice. All the valves in 
tile acquired disease group were heavily laden with calcium, which in some 
eases virtually obliterated the cu.sp commissure landmarks. Three of these 
had severe stenosis and the fourth had a predominant regurgitation with the 
valve fixed in a throe-qiiaiters open position These valves were examined 
thoioiiglily at the time of surgery and if the commissures could be delineated 
they were incised carefully using cither a scalpel or scissors. If the commis¬ 
sures were completely obliterated, two opposing incisions were made, thus 
forming a bicuspid valve which seemed to function very well (Case 1, Table I). 
Occasionally calcified spicules acting as struts between the cusp margins and 
the intima of the aorta within the sinuses of Valsalva were found and re¬ 
moved. In all eases dilators or the surgeon’s fingcj-s were passed through the 
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valve to ensure an adequate orifice and to aid in mobilizing the leaflets follow¬ 
ing the placement of these incisions. Pressures were recorded in the left 
ventricle and aorta befoi-e and immediately after valvuloplasty in 4 of the 
patients and these are listed in Table 1. The improvement in the respective 
pressure gradients after valvuloplasty is apparent from this data. One of the 
optimal results was achieved in a patient (Case 4, Table I) who had a sub¬ 
valvular diaphragm. A wide incision of this diaphragm completely abolished 
the 100 mm. Hg pressure gradient between the ventricle and aorta (Fig. 5). 

Four of the 7 patients with aortic stenosis have shown excellent clinical 
impiovement as a lesult of direct vision valvuloplasty and are living and well 
at this time. Likewise, the i^atient (Case 3, Table I) with j)redominant aortic 
1 eguigitation has achieved and maintained an excellent clinical improvement 
following direct vision mobilization and reconstruction of the aortic leaflets. 



Fig. 6.—Patient witii calcific aortic stenosis dying postoperatively of faurgically induced 
regurgitation (Case 2, Table I) ; for such a rigid calcified valve, stenosis can be relieved wiUi 
a grreatly lessened risk of regurgitation by creating a ■wide bicuspid ratiier than a tricuspid 
aperture. 

There were 3 deaths in this group of 8 aoi-tic valvuloplasties. One 
patient (Case 2) had a severely calcified aortic valve and one of the com¬ 
missural incisions created an intolerable insufficiency which contributed to 
his death 2 days after surgery (Fig. 6). Were we to operate now upon a 
patient with such a severely scarred and calcified valve in the light of more 
experience we would not attempt to restore a triangular orifice in such a ease 
but rather create a wide bicuspid aperture which would relieve the obstruction 
without adding the considerable risk of aortic insufficiency. 

A 15-year-old boy (Case 7) sustained an unfortunate complication when 
a transverse aortotomy just above the coronary arteries was utilized. During 
dilatation and excision of the subvalvular component of his stenosis, this 
circular incision was torn, completely transecting the ascending aorta. The 
aorta was reanastomosed during 32 minutes of retroperfusion and the heart 
continued to beat very well. Unfortunat(ily 5 minutes of cardiac inflow sta.sis 
were required after termination of the retroperfusion to complete the repair 
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of leaks in the posteuoi sutme line of the aoita and the conihination of this 
aiiovia together inth honioirliage caused the heart to go into meveisible 
lentriciilai hbrillation Tins tians^crse aortotonn is not now recommended 
The thud death nas in a ciitieally ill infant (Case 8) who had a congenitalh 
stenotic vahe opened widel> undei diicet \ision The opeidtue proceduie and 
immediate postopeiativo inteiial were iiiicoinplicated Theie uas no post 
operative aoitie insufficicnej She died siiddcnh 8 liouis dftei surgen and 
post mortem levealed sevoie endocardial filnoclastosis of the lett ventiicle which 
piobabh contributed niiportanth to hei death 

Eetropeifusion of the coionaiy sinus has also been utilized foi the lepair 
of tliieo othei types of caidiac lesions complete tiaiisposition of the gioat 
vessels,® aoitie piilmonaiy septal defect,® and iiiptuied ancmysms of the 
sinuses of Valsalva 

Othet Techniques fot Exposuic of Ao> tic Valve Itea — 

At the piesent time tlieic aie seveial teelmiqiies available to the caidiac 
suigeon which peiniit diicct vision snigeij in the aiea of the aoitie valve and 
ascending aoita 

Ilypotheinm IIvpotlieimia which lias been used bv Lewis" and Swan" 
and their associates appeals to us to have two significant disadvantages, iiamclj, 
a limited operative time in this aiea and incieased iriitabilitv of the nivoeaidiuni 
Tlieiefoie, we have not utilized this tecbniqiio foi aoitic valve surgeiy 

Potassium citiate asystole In this clinic, letioperfusion of the coionary 
sinus in combination with a pump oxygcnatoi was fiist used on a patient in 
Tanuaiy, 1956, at vvliioh time no othci owgenatoi techniqiio was available for 
exposure of the aoitie valve Retiopcifusion has worked veiy well, but does 
entail the additional caniiulation and puisc string siituniig* of the catlietei 
into the coionaiy sinus ostium Thus, when the cardioplegia drugs became 
available and proved sstisfactoiv foi othei types ot mtraeardiac defects,"" 
such as ventiiculai septal defects and tetialogy of Fallot, vve felt that eardio 
plegia could be the answer to a simplified method for temporarv aortic valve 
exposure Oui initial experience with cardioplegia for aoitie valve disease 
was with potassium citrate Both patients died on the opeiating table due to 
our inability to lestart then licaits after onh vciv biief penods of asv stole 
Summaries of these two chastening experiences with complete cardiac aiiest in 
patients with advanced aoitie valvular disease appear below 

Case A The recent symptoms m a 38 year old man, leading to his referral for correc 
tivo surgery, were mobility to work liecnuse of dyspnea and decreased physical strength assoei 
ated with episodes of syncope upon mild exertion A systolic murmur over the aortic area was 
first detected m 1946, while lie was still in the Army In 1952, he was hospitalized for tins 
disability for tlie first time In 1954, he developed subacute bacterial endocarditis which wns 
successfully treated during a prolonged interval of hospitalization 

Physical cvamination disclosed a palpable thrill in the aortic area with a loud blowing 
systolic murmur of maximal intensity over the aortic valvo area radiating up into the neck 
and in ill directions There was also i hlovving diastolic murmur audililc va the aortic area 
and trinsmittcd down along the left sternil 1 order of the sternum The blood pressure wns 
between 140/60 to 160/80 nvm Hg at various examinations 

•The use or a callietcr equipped with a small Foley balloon makes the purse string 
suturing unnecessary and is therefore simpler technically 
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Eoentgenograpli}" showed marked eardiomegaly due to left ventricular enlargement, and 
calcification of the aortic valve area Avas readily apparent. Tlie electrocardiogram was ab¬ 
normal due to marked left ventricular hypertrophjr and strain. 

To-and-fro murmurs and these other findings confirmed the diagnosis of calcific aortic 
stenosis and insufficiency. 

Operation Avas undertaken March 27, 1957, by entering the chest through the bed of tlie 
right foimth rib AAuth the patient in a lateral j)osition. The ascending aorta Avas huge in size 
and a significant systolic thrill Avas present in it. There was also a marked diastolic thrill 
in the left ventricle. 

The patient Avas linked to the pump-oxygenator in the usual fashion, bypassing the heart 
and lungs. The aorta Avas cross-clamped proximal to the innominate artery and 120 c.c. of 
2% per cent potassium citrate injected into the first portion of the aorta produced asystole. 
The ascending aorta Avas then opened, disclosing one normal commissure and tAvo fused ones 
resulting in a valve orifice of 12 to 14 mm. in diameter. The exposure Avas excellent. The tAvo 
fused cusps Avere carefully incised to the aortic annulus and the leaflets mobilized, resulting 
in AAdiat appeared to be an excellent valvuloplasty. FolloAA'ing this, the aortotomy Avas closed 
and the aortic cross-clamp removed after an arrest period totaling 11 minutes. 

The left ventricle remained in complete arrest and Avas absolutely resistant to all attempts 
to restart it. Sequentially, massage. Adrenalin, calcium, and electrical stimulation AA-ere 
utilized Avithout avail. The left ventricle continued to redistend unless emptied manually. 
After 90 minutes of perfusion, during Avhich these efforts Avere continued, the pump-oxygenator 
Avas turned off. 

Autopsy disclosed an excellent commissurotomy. Massive left ventricular hj-pertrophy 
AA'as present. An incidental finding of interest AA-as a functioning pheochromocytoma of the 
right adrenal gland. 

Case B: This patient Avas an 8-year-old boy who had had a heart murmur, knoAvn since 
14 months of age. Cardiac catheterization and exploratory thoracotomy for a patent ductus 
arteriosus Avas carried out elseAA'here at the age of 5 years. No ductus Avas found and the 
pericardium Avas opened and a very pronounced thrill Avas found in the right ventricle. The 
aorta Avas enlarged, actively pulsating and, together AA'ith the continuous thrill, resulted in the 
diagnosis of ruptured aneurysm of the sinus of A'^alsalva. The operative procedure Avas then 
terminated. Subsequent reeatheterization and angiocardiography were interpreted as confirm¬ 
atory of this diagnosis. 

Physical findings at the time of admission AA'ere a blood pressure of 108/0 mm. Hg, a 
palpable thrill over the precordium, and a loud continuous murmur heard over the sternum 
and transmitted to the right and left and to the back. 

On April 29, 1957, corrective surgery Avas carried out. Upon opening the pericardium 
a marked thrill Avas present in the right A'entriele as preA-iously described. This thrill appeared 
to originate from the aorta in the region of the right coronary artery origin and this fact, 
together AA-ith some aneurysmal dilatation in this region, led to the diagnosis of a ruptured 
aneurysm of the sinus of A^alsahm. The aorta aaus much enlarged contrasted to the usual 
case of ventricular defect and this too seemed to be in favor of a ruptured sinus of Valsalva 
aneurysm. 

After insertion of caval and arterial catheters, bypassing the heart in the usual fashion, 
the ascending aorta AAms cross-clamped just below the innominate artery and 50 c.c. of 2% 
per cent solution of potassium citrate diluted in blood AAms injected into the proximal aorta. 
This resulted in a prompt asystole and a right v'entriculotomy Avas carried out disclosing, 
instead of the anticipated ruptured aneurysm, a moderately sized (1.5 cm.) membranous defect 
in the ventricular septum Avith complete incompetence of the aortic valve. Sutures AA'ere placed 
across the ventricular defect and several Avere tied. Before completing tying the remainder, 
the clamp AA'as removed from the aorta in order to re-establish the cardiac beat after a period 
of asystole of only 4 minutes. HoAA'ever, throughout the remainder of the perfusion lasting 2 
hours, no left ventricular beat could be re-established. 
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■Whenever an^ attempt was made to try to close the defect or close the light ventricle, 
the left ventiiclo would enlarge tremendously. To control this complication, a tourniquet was 
even passed around the aortic annulus and beneath the coronaiy arteries to allow coronary 
perfusion and to prevent left ventricular distention. This was without effect upon the com¬ 
pletely paralyzed left ventricle. Eventually the ascending aorta was opened and an attempt 
vvas made to repair the aortic insufficiency by direct suture of the leaflets converting tliem into 
a bicuspid orifice. Tliis was successful lu controlling the regurgitation but it remained im¬ 
possible to restore a heartbeat. However, the approacli used in this patient for the manage¬ 
ment of the aortic insufficieuc}' developed under the duress of necessity did contribute to 
the realization that direct surgical treatment of aortic regurgitation through valvular rocon 
stiuction was feasible. 



Fig 7—Close-up of tlie left ventricle of an infant (12 mo of age) djmg of congenital 
valvular aortic stenosis Note the massive JiypertropJiy that has occurred during this brief 
period The small size of the ventricular cavity also emphasizes one of the reasons these 
hearts are intolerant of a surgically Induced aortic insufficiency. 

Pathologic physiology: In advanced aortic valvular disease, the left ven¬ 
tricular hypertx’ophy is massive (Pig. 7) and doubtless exceeds the available 
coronary supply even tliough the latter may be entirely free of arteriosclerotic 
disease. This relative coronary insufficiency is the basis for the sudden deaths 
due to ventricular fibrillation characteristic of these patients, lloroovcr, it 
is not uncommon for the myocardium from hearts with advanced left ven¬ 
tricular hypertrophy to exhibit areas of ischemic necrosis. This latter finding 
is particularly liable to be present in the inner layers of the myocardium where 
the high left ventricular pressures constitute an added obstacle to the coronary 
circulation. If, in addition, there is superimposed some coronaiy artery ob¬ 
structive disease as often happens in older patients -with acquired lesions, it 
is obvious that the blood supply to these hearts often can be submarginal. 

In such hearts it is understandable why potassium citrate, wliieh gives 
a profound degree of relaxation of the cardiac musculature when perfused into 
the coronaiy circulation, is so dangerous. The problem appears to he primarily, 
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althougli perhaps not entirely, a mechanical one, namely inability to wash out 
the potassium citrate even though, as in those 2 eases, the perfusing head of 
pressure is raised to aboAm normal levels. 

After these 2 tragic experiences ivitli potassium citrate, we have abandoned 
its use for aortic valve surgery. These 2 patients both had advanced aortic 
valvular disease with marked left ventricular myocardial hyiiertrophy. One 
patient had only 4 minutes and the other 11 minutes of arrest. In both in¬ 
stances, when the aortic clamp was removed restoring coronary perfusion to 
the paralyzed myocardium, the flaccid left ventricle distended severely, aug¬ 
mented by the slight degree of aortic insufficiency which is present in many 
if not most of these cases. The scA^ere distention of an ischemic flaccid heart 
in combination Avith a poorly perfused hypertrophied myocardium led to 
irreAmrsible flbrillation in both eases. MoreoAmr, effectiAm massage is usually 
difficult because of the massive concentric hypertrophy of these hearts. After 
these 2 poignant experiences Avith complete cardiac arrest in cases with ad¬ 
vanced left ventricular disease, it Avas realized that ideally the heart should 
be beating during the valvuloplasty or before systemic blood prcssiu-e was 
restored to the aortic valve. The contracting left ventricle could then eject 
any blood that might floAV back through slightly regurgitant valves Avhen 
the clamp on the ascending aorta Avas removed. 

Case B illustrates another lesson worthy of emphasis; namely, the inad¬ 
visability of arresting any heart before opening it to inspect the nature of the 
pathology. To date, Ave haA^e tztilized induced cardioplegia iji OA^er 100 patients 
and this patient is the onlj^ one in the series in AAdiieh Ave have failed to observe 
this precaution. In this particular patient, Ave Avere misled by the fact that 
the external pathology appeared so typical of ruptured aneurysm of a sinus 
of Valsalva, together Avith the fact that potassium citrate asystole had Avorked 
well in 2 patients^® Avith this pathology. 

Total cardiac ischemia: Since aortic commissurotomy, in some patients at 
least, can be carried out under direct vision quite adequately Avithin only a feAV 
minutes of actual Avorking time, the possibility occurred to us early in this 
Avork that one might simply ignore the myocardial oxygen requirements of the 
bypassed heart for this brief period. 

The theoretical attractiveness of this approach has been further en¬ 
hanced by the many recent experimental studies and a number of human 
observations indicating that the heart is surprisingly tolerant to anoxia under 
these circumstances. In a recent patient, documented elseAvhere,^® Ave ob¬ 
served the heart to recover sinus rhythm spontaneously after 35 minutes of 
total ischemia without cardioplegia. Moreover, convalescence Avas uncom¬ 
plicated by any arrhythmias. IloAvever, this patient, as do the experimental 
animals on Avhich much of this information is based, initially had a good myo¬ 
cardial reserve. 

This is obviously not true of patients Avith aortic valve disease. Thus, Ave 
have not been completely attracted, as prcAdously stated,^ to this approach of 
elective anoxia. However, we did try this method in just one 49-year-old 
woman with acquired calcific aortic stenosis. Commissurotomy Avas carried out 
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utilizing total caidiopulmonaij bypiiss duiing onlj’' 5 minutes of complete nno 
caidial iscliemia at noimal tempeiatiue The hc.ut continued to beat dining 
this time and no cardioplcgic ding ivas used Despite the len shoit pexiod 
of ischemia and an e\ccllcnt commissuiotoiny, as detcimined by piessiue de 
tcunmations at suigoi^ and eonfiimed latei at autopsy, this patient died 
suddenly 36 houis aftci suigei> and e\lubitcd, at post moitem, extensile 
neciosis of the innei one thud of the vcntiieulai mj ocaidium 

Use of (tcetylcholuiG asystole AVc ha\e Iiad expeiience with 6 patients with 
aoitie valve disease utilizing total eaidiopulmonaiv bypass at noimal tcmpeia 
tiue togethei with accDleholine induced asystole (Table II) 

lABLE II CORRECnON OF AORTlC STENOSIS UllLIZlNQ ToTAL CaRDIOPUMIOVARN BYPISS 
With Xcetylciioline* \s\stole 
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•10 mg/Kg body weight 

tDeveloped «»liortIy after restoration of coronarj arterial flow easily deflbrillated with 
electric shock and pump oxygenator support 

In. geneial, tins experience has been quite satisfactory and certainly if 
cai dioplpgia alone is to be used in these hearts with massive left lentriciilai 
liiTiertioplij acetilclioline appeals to he somewhat safer than potassium citiato 
Aeetyloholme often does not completclj arrest the heart iinmecliately and 
allows it to beat slowly foi a vaiiable peiiod duiiiig the cardiac ischemia 
before complete asystole oeciiis However, the myocardium in the acetyl 
choline aiiosted lieait is leij responsive to external stimuli such as massage and 
thus the beat niaj be quicklj icsfoied This obiiates the icij dangerous com 
plication of lentiioular distention encountciod with the piofound lelaxation of 
potassium citiate aiicst The technique of using acetvlcholinc is not ivitlioiit 
some danger, houmei, for this slowh beating ischemic heart mar be lizing 
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more energy than the completely stilled heart. The much greater incidence oi' 
ventricular fibrillation in these hearts (Table II) in comparison to those with 
retrograde coronary perfusion is perhaps significant in this regard. For these 
reasons, the period of ischemia utilizing acetylcholine should be brief. It does 
appeal fiom the experience in this small clinical series that acetylcholine 
cardioplegia can be used safely for aortic stenosis if this period of ischemia is 
no longer than 10 to 15 minutes, the myocardium is not greatly hypertrophied, 
and the cardiac reserve reasonably good. 

However, Case 6, Table II, illustrates the fact that it is often not possible 
to be certain a priori of the duration of any iutraeardiac procedure. In this 
man the initial commissurotomy resulted in an obvious aortic insufficiency. 
In the subsequent interval, it was possible to obtaui an excellent reparative 
result upon the valve preserffing an adequate orifice and correcting the in¬ 
sufficiency (Fig. 9) but the cardiac ischemia was severe. It is likely that retro¬ 
grade perfusion during this interval might have made the difference between 
success and failure in this case. 

Current Procedure for Aortic Valve Lesions .— 

At the present time we are using total cardiopulmonary bypass together 
with acetylcholine asystole for the patients Avith congenital aortic stenosis who 
as a group are much better operative risks. 

In all patients Avith acquired aortic lesions and in those AAdth congenital 
lesions in Avhom the valve leaflets are severely diseased, the ventricular myo¬ 
cardium is gteatly hypertrophied, and a longer period is contemplated for the 
vahmloplasty, A\^e believe retrograde perfusion of tlie coronary smus as an 
adjunct to the cardiopulmonary bj'pass is the safest procedure. 

AORTIC REGURGITATION 

Insufficiency of the aortic vahm has presented a formidable challenge to 
surgical treatment. The palliation afforded to certain far-adAmnced cases by 
insertion of a Hufnagel AmHe^’^ into the thoracic aorta has been of definite value. 
HoAveA’’er, quite obviouslj’’ something more curative is necessary. 

The thought has been advanced by some that nothing can be done for this 
lesion initil a completely satisfactory prosthetic valve is available and one AAffiieh 
can be inserted so as to replace the diseased valve and lie proximal to the 
coronaiy artery ostia. We AAmuld disagi’ee Avith this philosophj’’ for at least 
tAvo reasons. First, such a completely satisfactory valve is not likely to come 
about until a greater familiarity AAdth the pathologic anatomy has been acquired 
by surgeons working AAdthin this area under direct vision. Second, if experience 
elseAvhere can be taken as any guide, once this familiarity has been acquired it 
Avill be likely that methods for reconstruction of diseased valves aatII evolve and 
a completely artificial valve may not be needed nearly as often as current pre¬ 
dictions suggest. This sequence has evolved recently iu respect to the mitral 
Amlve. 

Much of our small experience to date in regard to the development of a 
direct reparative procedure for aortic insufficiency has been an outgroAvth of 
commissurotomy procedures for aortic stenosis in Avhieh a significant or obvi¬ 
ously intolerable degree of insufficiency aa^s produced inadvertently. 
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Pathologic Anatomy of Aortic Eegurgitation .— 

One very favorable anatomic aspect of the primarily aortic insufficient lesion 
that has impressed us, when these hearts were studied in the fresh state, was 
the suppleness of the leaflet tissue together with usual absence of calcium. This 
is in marked contrast to the usual pathologic change found in those patients with 
acquired aortic stenosis. There is a parallel here with the mitral valve where, 
in regurgitant lesions, the pathologic alterations in the leaflets per se are fre- 
(luently much less severe than those found in stenosis, yet the surgical treatment 
of regurgitant lesions has lagged far behind. The reasons for this are, of course, 
clear. Stenotic valvular lesions arc often successfully widened by blind tech¬ 
niques whereas direct vision seems essential for a successful valvuloplasty for 



Pig: 8.—^Teclmlque lor the direct vision surgical correction ot aortic JnsufRclency of the 
primary type. 

а. The usual pathology Is portrayed. There is a shrinkage of the cusps due to moderate 
thickening and retraction, but calcium Is usually absent and the leaflets remain flexible. 
Annular dilatation, e.xcept in the syphilitic patients. Is usually not prominent. Aa a conse¬ 
quence of these changes, coaptation of the cusps during diastole is Imperfect. 

б, Our concept of treatment Is to obliterate one commissure entirely by silk sutures 
leaving a ^ide bicuspid opening. 

c, Any actual loss of cusp substance or residual failure of the cusps to coapt completely 
Is corrected by the addition to the leaflet margins of pledgets of compressed polyvinyl sponge 
(Ivalon) as needed. 

This technique of repair Is also applicable to tlie reguigitatlon that may follow pro¬ 
cedures to relieve aortic steno‘?is. 

iusiifficienej'. But beyond that, it is predictable that the results of surgical 
correction of insufficiency either of tlie mitral or aortic valves is likely ultimately 
to surpas.s that possible for stenotic lesions because of the better cusp or leaflet 
tissue remaining with which to 'work. 

In the nonsyphilitie patients with a rheumatic etiologj^ for their aortic in¬ 
sufficiency, annular dilatation has not appeared to be a very significant element. 
Rather the leaflets, although often only slightly or moderately thickened, are still 
very pliable but fail to meet together tightly enough because of thickening- and 
a tendency for the free edges of the cusp to roll or curl back (Pig. 8, a). These 
observations have constituted the basis for a valvuloplasty procedure de.scribed 
below. 

A Surgical Technique for the Correction of Aortic Insufficiency .—• 

The concept that we have developed (and on the basis of our to-date limited 
experience it appears to have merit) is to convert by suture the normally tri¬ 
cuspid aortic valve into a bicu.5pid orifice and reinforce and give additional 
support if necessary to the lips of this bicuspid opening by suturing to its edges 
small pledgets of compressed polyvinyl sponge (Ivalon) (Pigs. It is 
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possible to convert the valve molitl, to a bicuspid aperture by interrupted 
sUtclies of silk. This adds significant support to the Icallet tissue witlioiiAlie 
coneoinitaut creation oC stenosis. The addition ot these Ivalon strips corrects 
the issue deltoieney resulting from the curled cusp margins and the added 
wei^ght of the Ivalon also contributes to their tighter olo.stire during diastole. 
A favorable observation noted at surgery in our patients is the fact that these 
slightly or moderately thickened cusps hold fine silk stitches well and much 
better than would be true for the paper-thin normal cusps. 



I'ic:. 9.—Aortic valve from patient in whom aortic valvuloplasty was carried out for a 
fcurtrlcally induced aortic insu/llciency (Ca.se 6. Table II). In this man, operated upon for 
calclflc aortic stenosis, tlio oponinit of all three commissure.s re.sultcd in a severe roBurgita- 
tlon. This was corrected completely by the valvuloplasty procedure portrayed In Fig, 8, 
leaving a widely patent and competent aortic aperture. Tlic Ivalon pledget sutured to the 
leaflet margin covers tlie suture line obliterating the tlilrd commissure (see text for details). 


Report of C(t.scs .— 

The clinical application of tlicsc observations is in the developmental stage 
at this time. Only 3 patients have had some attemiit made at cori'cction of a 
significant degree of aortic insulYicieney. These presented concepts have 
evolved from our experience to date. 

The first patient operated upon (Case 3, Table I) has been the only suc¬ 
cessful result to date. Progressive incapacitation due to fatigability and botli 
right and left cardiac docomiiensation were the indications for surgical therapy 
in a 52-year-old lady whose operation was carried out on May 23,1956, utilizing 
coronary x-etroperfusion in addition to total cardiopulmonary bypass. This 
patient’s valve lesion was a mixture of mild stenosis and considerable regurgi¬ 
tation of rheumatic etiology. 'I’he cusp leaflets were fixed in an ajiproximately 


•Since submission of this report the first patient with pure aortic insufficiency has boon 
operated upon. O. B„ aged 46 years, liad liad rheumatic fever at G years of age. He re¬ 
mained well until age 80 when the flr.st symptoms of heart disease were manifested. Deterior¬ 
ation in tlie year immodiatel.v prior to surgery had been rapid with acute pulmonary edema 


upon effort angina pectoris, and claudication, massive cardiomegaly, a loud blowing diastolic 
murmur in the aortic urea, and a blood pressure of 220/50/0 mm. Hg. 

Operation was undertaken Jan. S, 1958, and the aortic valve pathology and its method 
of repair was nearly Identical to that portrayed in I'ig. 8. Tlie intei val of pump-oxygenator 
support was 48 minutes and the lieart was rctroperfused for 25 minutes without arrest oi 
any ai-rhytlimias, do.splte the very poor cardiac reserve. Convalescence wis uncomplicated. 
Tlie diastolic murmur and water-hammer pulse disappeared completely. His blood picssuro 

fell immediately too and has remained at evidence suggests a com¬ 

plete correction of tlie regurgitant leak in this man. 
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thioe quaiteis open position, in pait due to adhesions acioss the sinuses of 
Valsalva These ivere fieed with the scissors heieby icstoiing consideiable 
mobility to the leaflets Veieitheless, although some inipiovcment had le 
suited, significant insufficiency still icmamed due to a failuie of the leaflets to 
meet satisfaetoiilj m the midline (this is demonstiated in Fig 8, a) Two 
mattiess stitches veie placed as in Fig 8, 6 with obiioiis inipioiement No 
polyvinyl sponge was utilized to suppleiiieiit the aiea of the cusps in this pa 
ticnt The pioxinial aoita was consideiahlj dilated Theiefoie in closing the 
aoitotomj a gcneious elipso nas excised fioni the aoitic wall in older to bring 
about a 'Snugging up” effect upon the annulus 

Oil! second expciienoe with this pioblcin occniied in the child alieady 
deseiibod in Case B Potassium citiate aiiest was used Pioopeiatnely, the 
patient was thought to liaic a luptuied aiicuiysm of Valsalva Actually he 
had a ventiieulai septal defect with a giossly insufficient loitic lalve A1 
though this case teiminated iinsueeossfiilly, we weie giatified by the degiee 
of impioiement induced in this veiy seveie case of aoitic legnigitation uti¬ 
lizing mattiess stitches of silk placed again as shown in Pig S, b This evpeii 
once emphasized to ns that a definite accomplishnieiit in thwaiting the aoitic 
leak had been achieved 

The thud patient, lepoited in Table II as Case G, was a 49 jeai old man 
with elinicallj fai advanced disabilitv due to calcific aoitic stenosis This 
appaieiitly had evolved aftei a seveie, febiile illness m childhood 

Bight and left hcait eathetenzation caiiicd out 2 months prioi to suigei'y 
disclosed the following piessuies (mm Hg) left ventiiclo 180/28, femoial 
aitery 104/51, and pulmoiiaiy aiteiy 75/36 No piessuio giadient existed 
acioss the initial lalvo which denied the existence ot significant disease at that 
site These studies suppoited the diagnosis of sciCiC aoitie stenosis with ehionie 
left ventiicnlar decompensation Calcium was plainly nsible and m considei 
able quantities in the aoitic valve aiea in Ins chest roentgeiiogiam 

Coriective surgeiy, utilizing a right thoracotomy and total caidiopul 
moiniv bjpass, was undertaken After cioss clamping the ascending aoifa 
and just piior to opening it, the Iieait was aiiested with a pioxiinal iiitia 
aortic injection of 500 mg of aceti Icholinc On exposiiie of this aica we 

noted the valve was sevcielj stenosed and had a iigid eceeiitiic slitlike 
orifice, 4 01 5 mm in length, located at the one coiiimissiiie The othei 
two commissiiies had been completely fused by heai'y deposits of calcium 
Vision and exposuie weie excellent AFc caiefully incised the two obliteiated 
commissnies with the knife and scissois opening them widelj, w’ell out to the 
amiiiliis These maneuvers lestoied the noimal tiiciispid apeitiiie IVlieii the 
aoitotoniy was closed, the lieaitbeat came back piomptly after lestoration of 
coronary flow and the lieait and lungs weie bj passed for 21 minutes How 
eiei, it was appaient at once that although good lelief fiom the stenosis had 
been obtained, a very pioiiounccd diastolic thrill now existed ovei the left 
ventricle Jloieovei, the lieaitbeat diimig the succeeding 5 to 10 minutes be 
came much weakei and ariost appealed imnunciit Tlicrefoie the ]>ump oxy 
genator was tinned on and the caidiopulmonaiy bjpass restoicd The aoitot- 
omy was reopened This time the vahe was conveited into a bicuspid one 
by sewing up one coramissiirc complete!} with interrupted 3 0 silk mattress 
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stitches as sliown in Fig. 8, &. Again the aorta was closed after this second by¬ 
pass interval of 18 minutes. The heart had gone into ventricular fibrillation 
and electrical shocks were required to restore rhythmic contractions. The 
diastolic thrill in the left ventricle seemed less evident to palpation but was 
definitelj'^ still present. In confirmation of this imbalance, the cardiac contrac¬ 
tions became progressively znore feeble. Therefore we elected to reopen the 
aorta once again. Our reappraisal painstakingly carried out revealed the 
cause of continuing insufficiency. These bicuspid leaflets which had been 
formed by the siitures were inadequately eoapting due to the loss of substance 
and curling of the margins present. Compressed Ivalon (6 to 1) was fashioned 
in the form of a small pledget and sutured to the edge of the deficient leaflet 
using mattress .stitches of silk (Fig. 9). To the eye this gave a far better 
correction of the valvirlar insufficiency. The heart had again gone into ven¬ 
tricular fibrillation during this third period of anoxic arrest of 14 minutes’ 
duration and Avms once more defibrillated. This time it took over at once and 
established an excellent beat. The left Amntrieular diastolic thrill had com¬ 
pletely disappeared. Significantly too, and in confirmation of this was the 
fact that the patient achieved and maintained a near normal blood pressure 
without pump-oxygenator support. For the second and third aortotomies no 
acetylcholine was used. Thus, the heart was in anoxic as 5 '-stole during both 
of these intervals. The aorta was cross-clamped a total of 53 minutes and the 
total perfusion duration was 61 minutes at a perfusion rate of 3.3 L. per minute 
(55 e.e./Kg. per minute). 

Postoperatively, despite this complicated procedure, his condition ap- 
peai’ed surprisingly good. He awakened immediately, was alert, and had a 
normal systemic blood pressure. The pulse rate was only 80 to 100 per minute. 
The electrocardiogram was bizarre. It appeared to be made up entirely of 
ventricular extrasystoles. Because of the slow rate and good blood pressure 
no specific therapy Avas instituted for this arrhythmia. On the following morn¬ 
ing the electrocardiogram seemed much improved revealing a return of sinus 
rhythm, and a disappearance of the ventricular extrasystoles. Other evi¬ 
dences of severe myocardial depi’cssion ijersisted, however. 

His clinical progress during the next 2 days appeared to be quite uncom¬ 
plicated until rather suddenly (within one hour) on the third postoperative 
day he developed progressive dyspnea, orthopnea, and pulmonary edema. 
Despite rapid digitalization and tracheotomy he died. Autopsy disclosed a 
gratifying reconstz’uetion to the Amhm (Pig. 9). Both the stenosis and I’egurgi- 
tation seemed to haA''e been corrected. Death AAms due to left A^entricular fail¬ 
ure secondary to Avidespread areas of focal necrosis in the myocardium. 

Technical Considerations in Aortic Valve Reconstruction .— 

These cases portray the development of some of our techniques for aortic 
valvuloplasty. While much undoubtedly remains to be learned Ave have been 
encouraged by the extent to Avhich these diseased and distorted valves can be 
restored to function Avithout dependence on a completely artificial valve Avhieh 
moreover is as yet unavailable in a Avoidable and tested form. Several tech¬ 
nical considerations derive from this experience and are deemed Avorthy of 
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emphasis. First, in aortic stenotic valves of tlie acquired type -which arc 
severely distorted and rigid from searring and calcification, the operator is 
naturally tempted to open all three eommissure.s. This is unwise because of 
the likelihood of creating too much insufficiency. It seems preferable to re¬ 
lieve the valvular obstruction by limiting the conunissuroplasty to establish¬ 
ment of a bicuspid aperture. Second, if neccssarj-, any loss of substance can 
be replaced by suturing pledgets of compressed Ivalon or nonwettable Silastic 
plastic to the cusp edges. AVe believe ample evidence now exists from the con¬ 
genital lesions to indicate that bicuspid valves will provide good ftinction 
once the element of stenosis has been relieved. Our first patient with aortic 
stenosis who was operated upon under direct vision 2 jTars ago had a valve 
heavily laden with calcium. It was converted into a bicuspid valve of necessity. 
Not until later experiences did we realize the value and importance of this 
concept. To be sure for tho.se .stenotic lesions udth lesser degrees of destruction 
the creation of a tricuspid orifice is probably preferable if it appears that the 
leaflets are supple enough to regain their function. This decision as to which 
type of preceduro to try is best made after the valve is visualized, At all times 
it is reassuring to know that with the pump-oxygenator bypass tcchniciue con¬ 
siderable opportunity is provided for correcting any inadvertently induced aortic 
imsuffieiency, as well as for dealing with the many pathologic variations en¬ 
countered, and even for insertion of an artificial valve. 

These techniques cited above in the management of aortic insufficiency 
created by attempts at relieving aortic stenosis have definite applicability to 
the direct surgical approach to primary aortic insufficiency. In summary they 
are: creation of a wide bicuspid orifice by suturing one commissure and over¬ 
coming any loss of substance by addition of pledgets of compre.ssed Ivalon 
to these cusp edges as portrayed in Fig. 8. 

Others have suggested that aortic insufficiency can be managed by I'e- 
ducing the circumference of the annulus by circumfer-ential plication or re¬ 
section of a portion of the annulus in the noncoronary area. Although wo 
rather doubt that either of these approaches will be commonly useful and may 
well create new technical problems we believe they, particularly resection of 
the annulus, should be kept in mind as supplementary measures. 

SIITR.vn REGURGITATION 

For almost 10 years now, stenotic lesions of the mitral valve have been 
satisfactorily treated by well-known surgical measures involving finger frac¬ 
ture supplemented in some patients by commissural incisions. However, the 
regurgitant lesions of the mitral valve, despite their clinical importance as a 
major cause of cardiac disability, have continued to challenge cardiac surgeons 
and numerous and diverse surgical approaches have been described. Alany 
ingenious devices have been inserted into the mitral orifice in an attempt to 
diminish the regurgitant flow. Most of these techniques have been directed at 
the posterior commissure for this is the visual site of reflux; the anterior one is 
less frequently insufficient because of the greater reserve of leaflet tissue in 
that area. 
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Substances such as pericardial tubes,vein grafts,^® and tendon grafts"® 
Ijlaced across the posteiior leaflet to diminisli the regurgitant eliannel have 
usually eventuated in shrunken flbrotic struts. A idgid Ivalon sponge,"^’ a 
mobile Ivalon sponge sling,®® and a Lueite baffle®* have also been placed in the 
mitral orifice but with limited success. 

Approximation and olcAmtion of the posterior aspect of the mitral Amh’^e 
have been attempted by the use of pericardial strips,®® A'ein slings,®® silk 
sutures,®‘> ®® artificial cusps formed of nylon,®® inverted veins,®® and peri¬ 
cardium.®* 

DaAula, Glover, and associates®®* ®® have advocated the placing of a circum¬ 
ferential suture around the mitral annulus to narrow the regurgitant az’ca. 

Present Approach .— 

The large variety of operations proposed for the correction of mitral in¬ 
sufficiency confirms to some extent the general ineffectiveness of many of these 
techniques. NeAmrtheless, an analj'-sis of these experimental and clinical en¬ 
deavors has brought additions to our basic knowledge about this lesion. SeA^- 
eral of the techniques revicAved aboAm seem sound in theory. Perhaps there¬ 
fore a major reason for their lack of uniform success arose from the obAdous 
consequences of their having been done as blind procedures. Certainly the 
ability to observe the diseased vahm during surgery should self CAddently im¬ 
prove the surgical results by assuring that the particular reparative i^roeedure 
be performed Avhich fits the specific lesion being looked at functionally. The 
development of the pump-oxygenator as a safe and effective tool has noAv 
made such open operations upon the mitral valve both possible and feasible. 

Pathologic Physiology of Mitral Uegurgitation .— 

Mitral insufficiency may result from varying combinations of two primary 
factors: (1) an absolute loss of valve substance from cicatricial retraction and 

shrinkage of leaflet tissue and/or chordae tendineae, and (2) dilatation of the 
annulus fibrosus. Furthermore, these tAvo factors ai’e interrelated to the ex¬ 
tent that severe insufficiency may result from compensatory left ventricular 
dilatation secondary to an initial deficiency—not necessaxdly seAmre—in the 
AmlAm substance. 

Moreover, for this same reason, mitral insufficiency once established, tends 
inherently to progress. The regurgitant leak into the left atrium begets a 
compensatory left ventricular enlargement to maintain the cardiac output; 
and this, by further stretching of the annulus, produces an ever greater mitral 
leak. In confirmation of this is the clinical cardiologic observation that re¬ 
gurgitant lesions of the mitral ■vah'-e are tolerated progressively less satisfac¬ 
torily Avith time than are stenotic ones. 

Surgical Concepts and Technique .— 

The mitral valve has been visualized in all patients utilizing the helix 
reservoir bubble oxygenator and the Sigmamotor pump for the necessary 
interval of total cardiopulmonary bypass. 

Bleetwe asystole has not been xxtilized since it has appeared to be dis¬ 
advantageous for these procedures to have the ventricles in repose in contrast 
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to tho expevionce in certain oi the complex forms of congenital heart disease 
whore it has hce7i most holpfnl. In several of the patients there i\as a copious 
influx of blood into the operative field from air incoiiipeterrt aortic valve We 
have uranagod this by irrtor iiritteirt aortic occlusion as previously clcsorihed.“' 



Fig- 10—Correction of mitral repir^itatlon bj direct vision annuloplasty 

a. Standard posteroiateral right thoracotomy incision tlirough the bed of the fifth nb 

5, Placement of mattress stitciies of hea>y silk in annulous flbrosus of incompetent 
portion 

c, TJiese stitches are tied tightly over pillows of compressed polyvinyl «'ponge to pre¬ 
vent any cutting out before the approximated annulus has healed securely. 

d, After valve competency has been restored, the usual precautions against retained air 
in the left ventricle arc necessarj as the atrlotoiny is closed 

Annuloplasty is utilized In tho^’e patients where the regurgitation is due In part or 
entirely to annular dilatation 

Surgical incision: One of the important elements of success vuth all 5 
of these patients has been the choice of a right posterolateral thoracotomy in¬ 
cision to approach the left atrium. Unquestionably tlie best exposure of tlie 
mitral valve is obtained through a left atriotomy performed from the right 
thorax. This anatomic consideration is more easily appreciated when it is 
recognized that the left atrium is actu.ally posterior rather than sinister. With 
the patient in a right lateral position, the thoracotomy is performed through 
the bed of the right fifth i-ib. The venae eavae are camiulatod in the usual 
manner through the right atrium. Through a purse-string suture, a third 
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eanuula is placed into the right atrium in order to aspirate the coronary sinus 
blood before it passes to the lungs and ni^on retiirn obscures the operative area 
in the left atrium. The arterial cannula is usually placed in the right common 
femoral artery. After the perfusion is begun, the wall of the left atrium is 
incised longitudinally near the interatrial groove, anterior to the insertion 
of the pulmonary veins (Fig. 10). This opening is readily made without the 
need for any dissection of the interatrial sulcus, because the left atrium has 
been of giant proportions in these patients. This atrial incision provides ex¬ 
cellent exposure of the entire mitral valve region. Under direct vision with 
the left heart essentially free of blood and with the left ventricle beating, the 
pathologic lesion can be carefully assessed by inspecting the leaflets, their 
commissures, and the chordae tendineae. Often, if the operative field is un¬ 
usually dry due to a normal aortic valve we have found it helpful to tempo¬ 
rarily clamp the catheter aspirating the coronary sinus blood. This provides 
enough blood to evaluate valve function. Any stenosis present at the com¬ 
missures is evident and readily correctable vdth tlie scissors. Fused chordae 
tendineae, when present, can be separated. Tiie area of insufficiency has been 
frequently located at the posterior pole (Cases 1, 2, 3), but was also found to 
arise anteriorly (Case 4) and even involve an entire leaflet (Case 5). 

Method of anmdoplasty: This technique of suturing the mitral annulus 
under direct vision with silk suture was first tested in the animal laboratory. 
The procedure was well tolerated des^iite the fact that the normal canine valve 
is an unusually delicate, paper-thin structure and thus a poor imitation of the 
diseased regurgitant valve in man. Clinically, when the annulus Avas greatly 
enlarged (Cases 1, 2, 3, 4), annuloplasty was performed aboA^e the insufficient 
area by ijlacing interrui^ted mattress sutures of heaA'^y silk (No. 2, Avith double¬ 
armed SAvedged-on needles) in the annulus fibrosus. These were tied doAvn 
OAmr pilloAvs of compressed Ivalon sponge to preA’^ent any possibility of their 
cutting out before healing Avas complete. These stitches approximate the 
annulus and hence reduce oriflcial circumference. Occasionally as many as 
scA'^en or eight interrupted mattress sutures haAm been placed in order to 
eliminate the regurgitant jet. Tliis beating heart AAdth its tonic myocardium 
has been A'^ery helpful for evaluating the regurgitation tendency during the 
annuloplasty. The blood ejected by the contracting left A’^entricle continues to 
delineate the area of insufficiency and indicates Avhen the operative repair is 
satisfactory. As the annulus is approximated, the surgeon may observe exactly 
hoAV much additional plication is required for the best function. In each of 
the 4 patients Avith pathologic changes, characterized primarily by annular 
dilatation (Cases 1 to 4), it Avas possible to reduce the annular length enough 
to correct the regurgitation and still IcaAm a mitral orifice of normal size (2 
or 3 fingerbreadths), i.e., no element of stenosis Avas introduced by the surgical 
correction. 

In placing these stitches in the annulus, generous bites of this tough tissue 
are taken and this fact together Avith their being tied over pledgets of Ivalon 
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makes any late reopening, before healing has ooouired, appear unlikely. In 
placing these stitches in the annulus from inside the left atrium, one is work¬ 
ing close to the coronary artery directl 3 ' opposite and just outside of the auricu¬ 
lar wall. This technical consideration should he kei)t in mind so as to avoid 
anj' compromise of this vital vessel, particular!}' at the anterior pole. After 
annuloplasty is completed, the atriotomy is closed with a running everting silk 
suture, and tlie perfusion is terminated. 

Insertion of prosthetic valve leaflet: In Case 5, despite a giant left atrium 
and advanced left ventricular enlargement, the annulus of the mitral valve was 
of normal circumference. The valve was markedly insufficient because of 
virtually complete disappearance of the mural (posterior) leaflet by cicatricial 
retraction. Several plicating mattress stitehes of silk were placed in the 
posterior annulus, and tentative approximation of these produced stenosis. 



Fig 11.—Correction of mitral regurgitation by direct MSion insertion of a prosthetic 
Jeaflet. 

a. This procedure is used alone or with annuloplasty where loss of v.ahe substance is 
prominent In this case the entire mural (posterior) leaflet is scarred .and retracted Tlie 
aortic (anterior) leaflet is of good quality. The annulus flbrosus Is of normal circumference. 

b, Silk stitches (No 2) with swedged needles are passed through an appropriately sized 
cylinder of compressed (3 1 or 4:1) polyvinjl sponge near its equator. 

Cy The mitral valve is viewed from above through the atriotomy incision and these 
needles are introduced from below upward. For each stitch, one needle is brought tiirough 
the annulus flbrosus and its mate slightly adjacent as a verticle mattress stitch. Uach of 
tliese stitches is then securely tied over a strip of poly\inyl sponge. ^ 

d, Portrays how this prosthesis restores competency without producing stenosis by 
providing a firm buttress against which the aortic leaflet may close. 


without correcting the regurgitation, and so they were removed. Clearly the 
abnormal leaflet had to he replaced by a space-occupying prosthesis which 
could provide sufSeient substance and against which the flexible aortic (an¬ 
terior) leaflet could eoapt during ventricular systole. At the same time .steno¬ 
sis should not bo produced. This eventuality had been foreseen in our previous 
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studios oil autopsy speoimcns. Therefore various sized, eoinpresscd, polyvinyl 
sponge eylinclers had been prepared in readiness for insertion as described be¬ 
low (Case 5 and Fig. 11). 

Preparation and insertion of polyvinyl cylinders for mitral leaflet replace¬ 
ment: Earlier experimental studies"' indicated that Ivalon cylinders, com¬ 
pressed 2 to 1 or more, changed very little in size over time after being inserted 
into the dog heart. Moreover, tliis material prepared in this fashion was well 
tolerated in the left side of the heart without creating emboli. These com¬ 
pressed Ivalon .surfaces became completely covered hj' a smooth layer of fibrin 
in 6 weeks. 

Cylindrieal metal molds of several diameters, ranging from 1.2 cm. (14 
inch) to 1.9 cm. (% inch), were fabricated and an assortment of polyvinyl 
cylinders were prepared at 3 to 1 and I to 1 compressions. They are sterilized 
by boiling the mold and the contained sponge for 30 minutes just before use. 

In Case 5, a cylinder, -1 cm. in length and 15 mm. in diameter, compressed 
■i to 1 was used. Four No. 2 silk stitches attached to a double-armed swedged- 
on needle were each passed through the cylinder near but slightly to one side 
of its equator as shown in Pig. 11, b. 

Then, with care to keep these preplaced stitches oriented, the needles were 
passed from below upward coming directly through the annulus of the con¬ 
tracted and scarred mural leaflet. The opposite needle of each stitch was then 
placed similarly from below upward, .3 to 4 mm. medial (toward the free edge 
of the mural leaflet) as a vertical mattress stitch os portrayed (Fig. 11, c). 
Then, each stitch was tied over a narrow strip of compressed Ivalon. 

This cylindrical prosthesis replaced the lost substance normally provided 
by the mural (posterior) mitral leaflet and became a firm buttress against 
which the aortic (anterior) mitral leaflet closed (Fig. 11, d). A gratifying 
feature obseiwod in the previously mentioned animal studies was the absence 
of any tendency for the free leaflet to form adhesions to this Ivalon cylinder 
(see Fig. 1, reference No. 21). 

Report of Cases .— 

During the past 14 months at the University of Minnesota Hospitals, 5 
patients, all far advanced in their clinical stage of the disease, have undergone 
direct vision reconstruction of the mitral valve for pure mitral insufficiency.'®'” 
In 4 of these patients, we have been favorably surprised to find valve leaflets 
that were remarkably good, in fact they were virtually normal in their con¬ 
sistency. The regurgitant flow seemed to be due primarily to dilation of the 
annulus fibrosus about the mitral valve. In these patients, surgical repair 
was made by annuloplasty. In the fifth patient the annulus was of normal 
eireumference, and the regurgitation was due to a severe loss of substance 
involving the entire mural (posterior) leaflet of the mitral valve. Repair in 
this patient consisted of insertion of a prosthesis of eompre.ssed polyvinyl 
plastic sponge (Ivalon) together with one annuloplasty stitch. Details con¬ 
cerning these 5 patients are prc.scntcd below and summarized in Table HI. 
The preoperative chest roentgenograms for these patients are reproduced in 
Pig. 12. 
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Case 1._B., a hoy of 15, had had a murmur detected at 9 months of age. Wlien 

he was 11 years old, a coarctation of the aorta had been resected, and the presence of mitral 
insufficiency was confirmed by exploratory cardiotoniy. At 12, he developed irreversible atrial 
fibrillation and progressive cardiac deterioration. At the time of surgery on Aug. 29, 1956, 
he was in American Heart Class IV E, being confined to bed with intractable right and left 
heart decompensation. Despite digitalization to the toxic level and complete bed rest, a per¬ 
sistent tachycardia was present. He was considered terminal by his cardiologist,* parents, and 
ourselves. He had a Grade 4 systolic murmur and thrill at the apex. At operation both mitral 
valve leaSeta were slightly thickened but otherwise appeared virtually normal botli as to 
consistency and leaflet area. The annulus was greatly dilated and the valve function revealed 
marked regurgitation due to this. Operative repair consisted of placing five No. 2 silk 
mattress sutures in the posterior aspect of the annulus and tying them down o^er pillows of 
compressed Ivalon sponge. This suturing completely obliterated the regurgitant jet, and there 
w’as no thrill in the atrium at completion of the perfusion run. The left atrial pressure was 
reduced from 43/26 before to 18/10 mm. Hg after the reparative procedure (Fig. 13). In 
the immediate postoperative period his improvement was rapid. A most gratifying objective 
response was a 12-pound Aveight loss during this intcrA'al from diuresis of the clironic 
edema fluid in his tissues- Fourteen months after the operation he is doing well and has 
been able to return to school. Digitalis is still required to control the atrial rate but this re¬ 
mains at 75 to 90 when, ho is ambulatory. The etiology of the mitral insufficiency in tliis 
patient remains uncertain although endocardial fibroelastosis has been suspected. 



Fig-. 13 ._Mitral regurgitation. left atrial pressures (V. D.. aged IS yeais). The cor¬ 

rection of valvular Incompetence as manifested by the immediate reduction In left atrial 
pressures m our first patient undergoing annulopl.isty in 1956 (Case 1, Table III) 

A, Before correction, 43/22 mm. Hg. B, After correction. 18/10 mm. Hg. 


Case 2.—IV. D., a 43-year-old man, had had no historj- of rheumatic disease, but atiial 
fibrillation ivas noted on the clectrocariogram in 1948. Since then he had experienced progros 
sive cardiac failure, poorly controlled by digitoxin. He had a laparotomy for mesenteric embolus 
in 1953. A cerebral embolism 6 months before this present admission resulted in a left henii- 
paresis from ivliieh he was gradually recovering. At the time of tliis operation on his mitral 
valve, Dec. 28, 1956, he was in American Heart Class IV D and had Grade 3 systolic .and 
diastolic murmurs at the apex. At operation the mitral valve was licavily calcified anteriorly. 
Stenosis was present by valve fusion at the anterior commissure. A very large regurgitant jet 
existed posteriorly. The anterior commissure was incised for 3 cm. and two No. 2 silk mattress 
stitches w’cre tied over Ivalon to delimit the posterior extent of the annulus. No atrial or 
ventricular thrill could be felt after completing the perfusion. The atrial pressure was reduced 
from 48/20 to 30/20 mm. Hg after the annuloplasty. The patient, who had not worked during 
the 7 years before surgery, now lias returned to a full-time position as an x-ra}' technician. 

Case 3.—N. B., a l9-year-old girl, had had rheumatic fever at 14 years of ago followed 
by repeated hospitalizations for episodes of heart failure. Despite digitalis therapy and 
rigid salt restriction this young woman had chronic heart failure leading to jaundice from 
cardiac cirrhosis. At the time of surgery she wms in American Heart Class IV D with a 

•Dr. Herman IC Helleratein. Cleveland. Oliio, to whom we are indebted for insisting that 
Ave operate upon this first patient. 
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Grade 4 systolic murmur and thrill at the apex. At the operation, the left atrium was 
fantastically enlarged (Fig. 12) and the mitral annulus was proportionately dilated. 
On the other hand the leaflets were not calcified but slightly thickened. The most evident 
locus of insufficiency was posterior but a significant reflux existed at the anterior pole also. 
An annuloplastj' was created by placing No. 2 silk mattress sutures in the posterior 
aspect of the annulus and one mattress suture anteriorly. After these had been tied down 
ovei Ivalon, the valve was much more competent, and the atrial pressure was reduced 
from 30/15 to 20/12 mm. Hg. Postoperatively, only a soft Grade 1 systolic murmur was 
present. This follow-up has been sliort, but the patient is improved dramatically. Her salt 
restriction has been eliminated and she is on a regular diet now' for the first time in years. 
Digitalis has been continued to control the heart rate. Evaluation of the result in this case 
is best summarized in her own words, “A New’ Life.” 

Case 4.— W. O., a 39-year-old man, had had rheumatic heart disease at 21 years of age. 
Heart failure developed one year before this ojjeration. He was w'ell compensated on digitoxin, 
but he was unable to work as a farmer because of lack of physical stamina. Attacks of 
paroxysmal nocturnal dyspnea were frequent during the year just prior to this admission. At 
the time of surgeiy he was in American Heart Class III D and had a Grade 3 systolic 
murmur at the ape.x in addition to a Grade 2 diastolic murmur at the apex and atrial fibrilla¬ 
tion. At operation, the mitral valve was widely regurgitant with slight stenosis at the anterior 
commissure. This stenotic anterior commissure was incised 1 cm. and the regurgitant channel 
through the posterior commissure was obliterated by tw’o No. 2 silk sutures tied over Ivalon 
which narrowed the annular ring. Tiie left atrial pressure W'as reduced from 50/26 to 17/5 
mm. Hg and, postoperativelj’, only by means of phonocardiography was it possibly to detect 
any systolic murmur. His follow'-up has been short too, but tlie patient is now on a regular 
diet and not taking digitalis. 

Case 5.—E. G., a 43-year-old woman, had had rheumatic fever at age 12 with the onset 
of atrial fibrillation at age 23 and then episodes of cardiac decompensation recurrent until 
the time of this surgery. A therapeutic abortion had been performed when the patient 
was 25 because of severe decompensation iji the fourth month of gestation. Parox}'smal 
nocturnal dj'spnea, ascites, ankle edema, and frequent episodes of acute pulmonary edema 
w'ere prominent in her history. She had been on digitalis and a low salt diet continuously 
for 20 years. At the time of her admission she was in American Heart Class III D and 
had a Grade 3 systolic murmur at tlie apex. She W'ent into shock as soon as she W'as 
anesthetized. Her heart action w'as very feeble and the systemic arterial blood pressure 
had dropped to 60 mm. Hg and hovered at this critical level during the chest opening 
period. In the race to perform the cannulations and put the patient on the pump- 
oxygenator before cardiac action failed entirely, it W'as deemed unwise to take time for 
measuring the left atrial pressures. Once the patient was linked to the pump-oxygenator 
her status immediately improved, and the operation could thereafter proceed at a more 
leisurely pace. 

Upon opening the left atrium, a slight stenosis at the anterior commissure and severe 
posterior regurgitation w'ere evident. Since the mural cusp of the mitral valve w'as 
virtually absent, a cylinder of compressed Ivalon sponge (4 cm. in length and 15 mm. in 
diameter) was placed horizontally underneath this structure and sutured in place as 
described (Fig. 11). One annuloplasty mattress stitch of No. 2 silk tied down over the 
Ivalon shortened the posterior annular segment. The regurgitant jet was almost completely 
abolished by these procedures. The patient’s heart took over immediately and established 
a normal blood pressure at the conclusion of the perfusion. Postoperatively only a Grade 1 
systolic murmur was audible at the apex. To date, this patient, like the others, has been 
impressively improved. For the first time in 20 years she is able to eat a regular salt 
content diet. It is quite obvious to us from her precarious condition just after being 
anesthetized and during thoracotomy that she could not have survived any operative pro¬ 
cedure w'hich did not immediately and substantially improve her mitral function. 
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Dtscussion — 

iVs a gioup, these patients imdeigoiiig coiieetiou of initial insufflcieney 
liaie been among the sickest patients iiieopeiatively upon whom the authois 
liaie undeitaken caidiae suigeiy Thus, vliile the soiies operated upon le 
mains small, the lack of opoiative oi late iiioitality and the giatifying impiove 
ment, self evident in each instance, cleaily indicates the lalue of the deseiilied 
leparative pioeednres cairied ont upon the incompetent initial valve undei 
diioet vision 

As already mentioned in icfcience to suigciy upon the aoitic valve, theie 
will likely be encoiinteied occasional patients iii whom the valie leaflets liaie 
undei gone virtually total dcstiiietion and complete valve replacement mil 
be the only acceptable suigical treatment This successful replacement of 
much of the muial (posteiioi) initial leaflet, the one most fieqiieiitly damaged 
secondaiy to lalviilitis, lepiesents an iinpoitaiit advance in that legaid 

As the piineiples and oiii knowledge of leeoiistiiictive pioecdiiies ineiease, 
it is evident that this ultimate appioach of complete imtial or aoitie valve 
leplacoment may be necessaiy much less fieqiicntly than we once had thought 
Trom this admittedly limited CNpciienee, we now belieie that the suigieal 
treatment of the piimaiily insufflcieiit initial lahe may veil become a moie 
tiul} collective proccduie than that of the blindly pcifoimed opeiation foi 
mitial stenosis because of the much better quality of the leaflet tissue in most 
patients with the foi mei condition 

JtlTRlL STENOSIS 

The individual with pine initial stenosis in need of suigical lelief has 
a good chance of being benefited by a caiefully poifoimed vahotomy by the 
indiiect or blind tecliniqiies classically desciibod by Bailey, Haiken, and 
others The piiiiciple piobloms lemaiiiiiig m this field for eaidiao suigeons 
aie those found in the patients mth complicating factors which have been 
found to inciease nioitality and moibidity while lessening the palliation 
ichieved tVliile some surgeons have sought to oieicome these pioblems by 
desoiibing vaiious teehnical and instiiimental vainations, the obiious solution 
seems to us to be a direct vision appioach foi these patients 

Present Indrcatrons for An Open Opctalwn TJtihzmg the Pump Oxygenator 
for ^[ltral Stenosis — 

1 The considerably highei opeiatiie iisk leeoided foi closed initial com 
missuiotomy peiformcd in patients with cliiiiealh fai advanced states of dis 
ability (Glass IV) 

2 A bistorv of embolization piioi to suigciv oi known oi suspected laige 
atiial clots 01 tuinois 

These two indications will also encompass mail} patients with unsnspcctcd 
left itiial m}\omas 

3 Patients with appaicnt icstcnosis iflci a seemingly adequate valvot- 

0111 } 

4 Piesonce of oi any suspicion of initial icgiii gitation 
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5. Patients with mnltivahnilar disease or other intraoardiac lesions re¬ 
quiring an open procedure. 

Direct vision surgery upon the mitral valve has been a very satisfactory 
procedure and there is little doubt that the indications for an open procedure 
are likely to be progressively widened in the future as experience with this 
procedure grows in various centers. 

Surgical Technique for Open Mitral Valvotoiny .— 

The thoracotomy incision is the same as that already described for mitral 
regurgitation and aortic valve disease; namely, a right posterolateral thoracot¬ 
omy. This same incision, of course, provides excellent exposure to the tri¬ 
cuspid valve should significant disease be found there. The left atriolomy 
has been performed anterior to the insertion of the pulmonary veins. 

Rather unexpectedly one of the unanticipated problems of direct vision 
surgery for mitral steno.sis has been the finding that in the congenital lesions 
as well as in some of the acquired stenoses of the mitral valve the line of fusion 
of the leaflets may be so perfect that no visual trace of the commissures re¬ 
mains. In such eases the line of attachment of the chordae tendineae has 
proved to be a valualile guide and landmark for making the proper division. 
Usually we have utilized the ordinary surgical scissors and scalpel for these 
direct vision commissurotomies. The valve leaflets, chordae tendineae, and 
papillary muscles are carefully uispeeted visually. Then a finger is inserted 
underneath the leaflets between the chordae tendineae of the respective leaflets 
and if the line of fusion of the leaflets is not apparent the incision is made 
upon the Anger. 

Results .— 

Five patients have had direct vision mitral commi.ssurotomies for mitral 
stenosis through a left atriotomy incision during total cardiopulmonary bypass 
utilizing the pump-oxygenator. We have had one operative death, no late 
deaths, and in the other 4 the results have been successful. All 5 of these patients 
had other complicating lesions as indicated above as a basis for their selection. 

Relevant data upon these patients are listed in Table IV. 

In both of the patients -with congenital mitral stenosis associated with a 
congenital ventricular septal defect we have been alerted by our pediatric 
cardiologists* to the possibility of a coexistmg mitral stenosis because of cer¬ 
tain unusual features in their work-up. These were varying combinations of: 
an unusually loud diastolic murmur of mitral quality heard best at the ape.x, 
unusually marked left atrial enlargement noted at cardiac fluoroscopy, notch¬ 
ing of the P waves in the electrocardiogram and greater than airticipated pid- 
monary wedge pressures measured at cardiac catheterization. None of these 
findings is diagnostic in itself, but are sufficient to arouse a suspicion of this 
associated defect. At surgery both patients had prominent diastolic thrills 
present in the loft ventricle. In these patients we opened •tKS“r.' ’ ' ' ' ’ 

•I>rs. Ray Anderson and Paul Adams. 
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and iGpaircd tlie VGiitrieular septal defect first and then restored the circula¬ 
tion. The left ventricular diastolic thrill 2 )ersisted in both and so the i)umi)- 
oxygenator was turned on again and the left atrium ojjened for the repair. 
This sequence rules out the possibility of opening the left atrium needlessly 
for a relative mitral stenosis which can occasionally occur in a patient with an 
unusually large pulmonaiy blood flow. 

The one death was in a 13-year-old girl with a definite history of rheumatic 
fever beginning at the age of 5 .years. In March of 1956, during a classic 
mitral commissurotomy at another medical center, the heart arrested and after 
some difficulties the beat was restored. Convalescence was incomplete and chronic 
right and left decompensation persisted despite Inniting her activity, hospital¬ 
ization, and the other usual medical methods. Right heart catheterization dis¬ 
closed severe pulmonary hypertension (85/35 mm. Hg) and no shunt. Left 
heart catheterization disclosed a left atrial-left ventricular diastolic gradient 
of 26 mm. Hg Avith no evidence of mitral incompetence but with the typical 
findings and murmur of aortic insufficiency. She also had tricuspid re¬ 
gurgitation. At operation, the mitral valve Avas severely stenotic and calci¬ 
fied and although both commissures AA’-ere readily opened to the annulus rela- 
tiAmly little flexibility of the leaflets remained. Litermittent aortic occlusion 
Avas necessary to control blood loss from the aorta during the left atriotomy. 
No attempt AA'as made to attack the tricuspid or aortic regurgitation. Although 
the operative procedure Avas uneventful and her immediate postoperative status 
seemed good, cardiac arrest occurred Avithout Avarning later on the daj’’ of opera¬ 
tion. In such a patient noA\- aa'g AA’ould adAmeate the surgical treatment of the 
other valvular lesions at the same time. 

SUJIM.VRY AND CONCLUSIONS 

1. Direct Adsion reparative procedures making use of total cardiopul¬ 
monary bypass A\dth a immp-pxygenator haAm been described for aortic stenosis, 
aortic regurgitation, mitral stenosis, and mitral regurgitation. 

2. NeAV operatiA^e techniques, made possible by the increased accuracy and 
scope afforded to the surgeon by direct vision, have been deAdsed for the cor¬ 
rection of aortic regurgitation and mitral regurgitation. The results have been 
partieularlj’- successful for those patients afflicted A\dth mitral regurgitation. 

3. Currentlj^ all patients Avith aortic stenosis, aortic regurgitation, or 
mitral regurgitation and in need of surgical treatment are best managed by an 
open bypass operation. Patients AAdth pure mitral stenosis and free of compli¬ 
cating factors AAdiich are ImoAvn to increase morbidity and mortality are 
treated by the closed mitral valvotomjL The indications for an open operation 
for mitral stenosis are the presence of one or more of these above-mentioned 
additional complicating factors. For the future, it is likely that these indica¬ 
tions for a direct vision procedure for mitral stenosis AAdll be progressively 
broadened. 

4. The unilateral right posterolateral thoracotomy through the bed of the 
fourth or fifth rib offers excellent access to the aortic or mitral valve areas 
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and the good exposure afforded by use of this incision has been an important 
factor in the successes obtained. Occasional patients witli other congenital 
lesions in the left chest may require a bilateral anterior tlioracotoniy. 

5. Retrograde perfn.sion of tlie coronary sinus in combination with a 
pump-oxygenator has been used in 8 patients for a direct vision aortic valvulo¬ 
plasty. 

6. Five of the 8 patients with aortic valvular disease survived the oper¬ 
ative procedure and attained excellent clinical improvement following direct 
vision valvuloplasty. Two of the 3 deaths occurred in infants. The other 
failure was due to the production of aortic insufficiency in a patient with a 
severe distortion and calcification of the valve due to acquired disease. Now, 
we believe that it is better for patients with such rigid and distorted valves 
to relieve stenosis by creation of a bicuspid aperture. In the other acquired 
lesions with less advanced destruction and a greater degree of flexibility re¬ 
maining, restoration of the triangular orifice still is sought for. 

7. In all of these operations the retroperfusion of the coronary sinus ap¬ 
peared to protect the myocardium well against anoxia. There were no in¬ 
stances of cardiac arrhythmia even though a significant percentage of the 
patients had far advanced left ventricular disease. 

8. Acetylcholine has also been used in combination with the retroperfusion 
in 2 patients. It was injected into the retrograde catheter and provided a dry 
still field while the aortic valvulopln.sty was being performed. Both patients 
had an excellent olinical result. 

9. Total cardiac ischemia of brief duration resulted in extensive myo¬ 
cardial necrosis in a patient with acquired aortic stenosis, and this ajjproaeh 
is not recommended for aortic valve .surgery. 

10. Evidence is advanced to support the belief that total cardiac ischemia, 
even with the additional protection offered by potassium citrate asystole, is 
also a dangerous practice in hearts afflicted with the advanced states of aortic 
valve disease due to an inability to restore a left ventricular beat in both of 
the only 2 patients in which it was utilized. 

11. Acetylcholine asystole with total cardiopulmonary bypass has been 
utilized in 6 patients with aortic valvular disease, and has proved of value 
when the arrest interval was brief. However, a significantly greater incidence 
of ari-hythmias occurred than when retroperfusion was utilized. One operative 
death in this group occurred in a patient with acquired disease in whom a more 
prolonged procedure was required. 

12. Current practice has been to use the acetylcholine arrest in patients 
with congenital lesions where the operative repairs require less time and the 
myocardiums generally have a greater reserve. Retrograde perfusion of the 
coronary sinus, together with retrograde acetylcholine cardioplegia if needed 
to facilitate e.xposure, is the recommended procedure for all paticnt.s with ad¬ 
vanced degrees of acquired aortic valvular disease. 

13. Although acetylcholine cardioplegia (without retroperfusion) appears 
to be the simpler technique for aortic valve exposure, retrograde perfusio ’s 
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undoubtedly tlie satcr method when there is marked myocardial hypertropliy and 
a longer period is contemplated for the valvuloplasty.* 

14. The concept of correcting visually either .surgically created or primary 
aortic regurgitation by converting the valve leaflets (by suture) to a bicuspid 
orifice and prosthetic replacement to make up for any shrinkage or lo.ss of tissue 
substance is offered. Utilizing this method, the first patient to have a succe.ss- 
ful complete correction of primary aortic insufficiency is reported. 

15. Two new operative techniques have been described for the correction 
of mitral insufficiency without the production of any steno.sis. One procedure, 
termed annuloplasty, consists in part of selective suturing of the annulus 
fibrosus under direct vi.sion to reduce its circumference commensurate with 
the area of valvular tissue present. The other procedure for use in patients 
with substantial loss of leaflet substance is the insertion of a pro.sthesis. 

Five patients have been treated by these techniques to date. Before 
surgery all had been seriously incapacitated by severe mitral regurgitation. 
There has been no operative or late mortality. AH are alive and significantly, 
even dramatically, improved. Moreover, the fii’st patient, whose progress has 
been followed for more than a year, has not only sustained his initial gains 
but has continued to improve. Thu.s, although the series is small, the results 
indicate that surgical correction of mitral insufficiency is feasible, effective, 
and lifesaving. 

16. Five patients with pure mitral .stenosis of acquired or congenital 
etiology together with other complicating factors or le.sions have been treated 
by a direct vision approach. There was one operative death in this group. 
The 4 survivors have been benefited significantly. 
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Discussion 

(Papers by Swan [page 139], Lillehei [page 154] and their associates) 

DE. PAUL W. HEEEON, Seattle, Wash.—At the University of Washington to date 
we have operated on 5 patients with mitral lesions using the pump-oxygenator. Three of 
these had pure mitral insufficiency and all survived the immediate procedure. Two of them 
had very excellent results. I would like to show two slides. 

(slide) This shows the left atrial pressure taken before and after repair of the in¬ 
sufficient valve, and shows a marked reduction in left atrial pressure after correction. 

(slide) This is a chest film taken before and 2 weeks after surgery. The change in 
heart size is apparent. 

(movie) I would like to show an excerpt of a movie taken during repair on one of 
these patients which indicates a possible new approach to the left atrium. It utilizes a 
right thoracotomy, as advocated b}' Dr. Bailey, but approaches the left atrium posterior 
to the pulmonary hilum rather than anterior. We feel this approach may make the mitral 
valve even more accessible than Dr. Bailey’s approach. As yet we have not used this 
method but will at the next opportunity. We offer this approach for j'our consideration. 

DE. GEOEGE H. A. CLOWES, Cleveland, Ohio.—I agree perfectly with the authors 
that the way to approach this problem is to do it bj' open surgery. Mj' associate. Dr. 
Neville, and I have operated upon 2 adult patients with mitral regurgitation using the 
membrane oxj'genator. In both instances, perfusion was quite successful. The first patient 
has made a %’ery satisfactory recover}-. We opened the left auricle and by dividing the 
commissures and four chordae tendineae under direct vision we got the result we wanted 
without putting any stitches into the valve itself. 

The next ease—and I think this is more important—was a failure. The perfusion went 
perfectly well, the patient made a reasonablj' good recovery, but died very suddenly with 
acute pulmonar}' edema the night after the operation. This patient had been previously 
operated on and a commissurotomy was done. She had had two diagonal cuts into the 
major leaflet in the wrong place that had allowed the major leaflet to flap and had created 
a regurgitation. We had located these things under direct vision, at operation put the 
commissures in the proper place and then put a stitch into each of the two cuts. When 
we left the operating room, there was no regurgitation and we thought we had an ex¬ 
cellent result. I regret to say that the next morning at autopsj--, one of the stitches had 
cut out and she had a wide-open regurgitation again. It appears that mitral valve lesions 
will not hold stitches under these circumstances. 

The other thing is with regard to Dr. Lillehei’s remarks on the necessity for perfusion 
of the heart during the period of occlusion when one has the aorta open. In a series of 
dogs some years ago which was reported at a Eorum in Atlantic City, we never failed to 
defibrillate and get a recovery in any period under 20 minutes when the animal was not 
having the coronaries perfused. On the other hand, if we went along for 30 minutes with¬ 
out any circulation in the heart, the great majority of these animals died of cardiac failure 
later if they could be defibrillated at all. 

DE DENTON A. COOLEY, Houston, Texas.—The presentation by Dr. Lillehei is most 
impressive and deserves high praise from all of us. At Baylor University we have used 
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cardiopulmonarj bypass in 155 patients with a varietj of cardiac and aortic lesions, and 
I am con-vinced that this method offers optimum conditions for open cardiac procedures 
At present, I am not convinced, howeier, that retrograde coronary perfusion is necessary 
in exposure of the aortic valve for operation We have operated upon patients with aortico 
pulmonarj septal defects, with aneurisms of the ascending aorta, as well as 9 with aortic 
stenosis, without retrograde coronary perfusion, and have noted no ill effects On the 
other hand, in the first patient with calcific aortic stenosis in whom retrograde perfusion 
was used, ventricular fibrillation occurred immediately after starting the perfusion and 
cardiac resuscitation was unsuccessful I believe that exposure of the aortic valve through 
an ascending aortotomy can be achieved safely without coronary sinus perfusion and 
vaUulotomy accomplished witlun 5 minutes For this period of time, the \entTicular m>o 
cardiuni will usually continue to contract regularU with a sinus rhythm After operation 
we have detected no evidence of myocardial damage caused bj this brief period of ischemia 
I shall be interested to compare our results uith Dr Lillehei's after we have both had 
more experience 

DR GHAS P RAILE\, PIuKdelplna, Pa—[The contcted di'scus^ion by Dr Bailcj 
has not been returned by the di-cus^^er—EpiTon ] 

DR C WALTON" LILLEHEI, Ifinneapolis, Minn—In regard to Dr Herron's sug 
gcstion of entering the loft atnum behind the right pulmonary hilus I believe it is rela 
tively unimportant whether the surgeon chooses to make his atnotomy incision there or 
anterior to the hilus The mitral valve exposure is excellent by either route The techni 
cal consideration that has seemed important to success has been the choice of the right 
posterolateral thoracotomy incision to approach the left atnum 

With regard to Dr Cooley's and Dr Clones'a comments about stitches in the mitral 
valve, I emphasized that tlie annuIopJaatj stitclics arc not placed in the valve leaflet tiasuo 
at all, and should not be m my opinion, but rather are placed in the annulus fibrosus of this 
valve from above through the left atnotomy approach 

Another point that I sought to emphasize was the fact that there is a remarkable 
difference in the tolerance to elective arrest techniques espcciallj those involving the pro 
found relaxation induced bv potassium citrate between the human heart with advanced 
degrees of aortic valve disease when compared to hearts from patients with many t}pes 
of congenital defects Suffice it to saj that the-se hearts with massive left ventricular 
hypertrophy, often with superimposed scattered areas of fibrosis as well, due to actual or 
relative coronary insufficiency tolerate potassium asj stole or any form of even brief 
hypoxia rather poorly Certain reasons for this observation have been suggested m the 
body of our paper Moreover, as our CTpcncncc 1ns increa'sed, it has become increasingly 
evident that, save for exceptional cases of the eongeiutal variety, it is not possible nor ad 
visable to complete an adequate aortic vnluloplasty within a few minutes 

The surgical correction of pure mitral insufficiency earned out under direct vision has 
proved to be a very satisfactory surgical procedure even in some vor> far advanced pa 
tients, approaching or actually in the terminal phases of their disease The reasons for this 
are both anatomic (the frequent finding of valve leaflet tissue which is still soft and 
pliable even though inadequate in quantity) and phvsiologic (the fact that the hearts arc 
immediately and significantly improved the moment this largo leak is corrected which 
makes the procedure akin to closing an atnal septal defect or dividing a patent ductus 
arteriosus with a large sliunt) 
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T he surgical treatment of aortic insufficiency has been disappointing. This 
discussion touches upon the natural evolution of aortic insufficiency, outlines 
a morphologic classification, discusses hemodynamic alterations, and reviews the 
surgical maneuvers evolved to date. A new operation for selected types of 
aortic insufficiency is presented. 

NATUR.\L history OF THE DISEASE 

Individuals with either rheumatic or S 3 "p]iilitic aortic insufficienc}'^ may 
remain asymptomatic for many j^ears udthout treatment even while the left 
ventricle is enlarging. Manj'^ observers have emphasized that once sjunptoms 
appear, patients with aortic valvular disease deteriorate rapidly. The urgency 
of this axiom seems difficult to appreciate when dealing with the specific patient. 

Segal, Harvey, and HufnageP^ have pointed out that aortic insufficiency 
predominates in males over females by three to one. In their experience, rheu¬ 
matic origin has been more common than sj’^philitic. The interval between the 
onset of recognizable auscultatoiy rheumatic aortic insufficiency and the de¬ 
velopment of limiting sjmiptoms may be as much as 10 years. The initial con¬ 
gestive failure is an ominous warning but generally responds to appropriate 
medical therapy. When angina pectoris appears it often heralds the terminal 
phase of the disease. Bland and Wheeler® have also documented the grave 
prognosis associated with this sjmiptom, particularly at rest. Orthopnea, parox- 
3 'smal nocturnal dj^spnea, and peripheral edema are late in the natural history 
of this disease and therefore of limited value in selecting the time for surgery. 
By contrast Bergeron, Ellis and co-workers® have found angina and syncope 
to be of lesser significance in aortic stenosis. 

Sj'philitie aortitis and associated insufficiency produce a clinical course com¬ 
parable to rheumatic regurgitation, but the disintegration is much more rapid.®^ 
The study of Montgomery, Anderson, and Boone®^ indicates that the average 
surviiml time after the appearance of the murmur of aortic insufficiency due to 
sj^philis is approximately 24 months. Aortic insufficiency ivith congestive failure 
or angina due to sj^philis comes later in life than in rheumatic disease. If 
bacterial endocarditis is superimposed, the deterioration of tlie patient may be 
accelerated. 

From tlie Department of Surgery of the Harvard Medical School at the Peter Bent Brig¬ 
ham Hospital and The Thoracic Service of the Mount Auburn Hospital. 
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DIVGNOSIS 

Flee aoitic insiiffloicncj of the tipe iceognizccl b> watei hammer (Com 
gan) pulse, diastolic muimui, and left veiitiioiilar dilatation is not commonly 
encounteied as a pine lesion Jloie often there is an associated element of 
stenosis 

Goilin and Case® ha\e discussed the dilfcientiation of stenosis fiom iiisuf 
flcicnci Thiobbmg, eien pain oier laigc aifcnes suggests insufficiency Sweat 
ing, fliisliing, and episodes of taehyeardia, as oiigin.illj described by Lewis,’® 
aie more commonh assoeiated with dominant aoitic icguigitatioii Sweating 
and flusliiiig die due to peiipheial vasculai dilatation Angina, syncope, dysp 
nca, and oitliopnea appeal late and aic also charaeteiistie ot stenosis, so are 
not helpful in differentiation DcMusset’s sign (bobbing of tbe head) is 
usually associated with seveie aoitie msufficicnc% 

Certain aspects of the physical cvimination die helpful Caidiac size, 
particularly’ early in the disease befoie the onset of failiiie, is often a clue to 
the domiiidiit pathology Thcie is caily cnlaigeincnt ot the left veiitiicle in 
aortic insufficiency A eompaidblc dcgioc ol cnlaigement appeals late m aortic 
stenosis, and then with fiaiik failiiic Rcgiiigitation piodiiccs incieased actiyitv 
of the apical impulse Aiicillaiy signs include bisfeiioiis (twin peaked) caiotid 
pulse, Diiioziez’s sign, and eapiUaiy' pulsations 

One of the most important diffcicntia! obsoivatioiis may be made at 
fluoroscopy In the left aiiteiior oblniiic position, a locking motion of the left 
\entriolo and aortic aicli is seen This is due to the lerv laige stioke output 
in systole and ieflii\ in diastole The e\tiaordiiiaiy dctnity of the aortic aicli 
described as “run off” is due not only to icguigitation but to accelerated for¬ 
ward flow into dilated peiipheial icsscls 

Aortic murmurs aio iiotoiiously misleading Insufficiency ivithoiit an ac 
companyiiig diastolic niiiimiu must be laic Pieriiiently theie is an accom 
paiiying “diamond shaped” aortic systolic miirmni tiansmitted upward to the 
nock and downward to the apex The intensity of the raurinms does not qiianti 
tate the obstinetion or reflux A systolic imiimnr, due to turbulence ovei rough 
enod cusps, may exist without oigamc stenosis, particularly in the ptesenee of 
the incicased stioke lolumc Late in the coiiise of the disease, muimiu in 
tensity may deeiease due to myocaidial failuic lathei than to any alteration 
in the inho The Gialiain Steell ninimui of pulmonic insufficiency’ may he 
leadily differentiated if the otlici ciitoiia ot significant aoitic iiisnffieiency’ aie 
sought 

Usually tlieie is a ysidc puke prcssuic, hut its degice is not helpful in 
assessing the heinodynamie piohlem Goilin and Goodale’ point out that the 
pulse piessure narrows as the systolic lexcl falls and diastolic piessiiro uses 
“as the vasodilatation of msiifficicncx gnes way to the low cardiac output and 
yasoeonstiiction of licait failure ” 

CLINIC in CL VSSIPIC \TION 

Although surgical expeiieiice ynth aoitic icguigitation has been limited, 
a clinical classification of the disease is useful in exalnation and eoininnnica- 
tioii The broad oiitliiie ot the Ameiican Ileait Association Classification is 
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basic, but specificity for aortic insufficiency must be added just as in our clini¬ 
cal grouijiug for patients with mitral stenosis. The following classification 
is suggested. It ulll be altered as experience dictates. 

Gi-oup I: Individuals with the murmur of aortic insufficiency who 
are asjunptomatic and wliose hearts are not erdarged more 
than 15 per cent over the predicted transverse diameter. 

Group II: Individuals with the murmur and mild limitation due to 
dj'spnea on exertion whose limitation is static and who 
do not require medical tlierapj^ 

Group III: Individuals who liave the murmur of aortic insufficiency 
and significant symptoms, e.g., sweating, flushing, tachy¬ 
cardia, evidence of congestive failure, with or without 
angina pectoris. TJiese symptoms are held static onlj^ by 
an adequate medical regimen. 

Group IV: Individuals whose sjunptoms are refractory to a strict 
cardiac regimen. 

Group F: Individuals who have refraetoiy congestive changes in 
spite of a strict cardiac regimen. 

MORPHOLOGIC TYPES 

Eheumatic fever, syphilis, and bacterial endocarditis are the most com¬ 
mon eaxises of aortic insufficiency. 

Rheumatic incompetence of the aortic valve is conventionally ascribed to 
shortening of the leaflets. The cusps simply do not occlude the base of the 
aorta during diastole (Fig. 1). However, to this gross classical concept, the 
dimension of time must be added. AVhen diseased aortic valves are observed 
on the MaclMillan pulsator,* the leaflets not only fail to approximate due to 
lack of substance, but they move sloAvly, so tliat considerable reflux occurs be¬ 
fore this inadequate closure (Fig. 1). These valves may or may not be calcific. 
In advanced stages, the dilatation or failure of the left ventricle frequently 
results in relative mitral incompetence with further burden. Insufficiency may 
be associated with minimal to dominant degrees of stenosis, with or without 
calcification. 

Syphilitic aortitis with associated medial necrosis results in dilatation of 
the amiulus and separation of the cusps at the commissures, rendering the 
valve incompetent. If the cusps themselves are involved, it is by fibrous thick¬ 
ening and fixation of the margins. There may also be cusp adherence to the 
walls of the sinuses of Valsalva (Fig. 1). This form is less common since the 
advent of penicillin. 

A third important cause of aortic insufficiency may be from endocarditic 
cusp erosion (Fig. 1). Bacterial endocarditis is presumed to occur on pre¬ 
viously diseased or congenitally abnormal valves (Fig. 1). 

Other less common forms of aortic regurgitation include congenital mal¬ 
formations and traumatic rupture of cusps. Glendy and White® have stated 
that antecedent disease predisposes to cusp injury from blunt trauma. 

Ian MacMillan and Dr. Stanley Sarnoft have kindly made a pulsator available for 
use at the Peter Bent Brigham Hospital. 
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HmiODYNAMICS 

Left heart catheterization lias added a valuable tool to clinical and investi¬ 
gative studies. Deteimination of the left ventricular pressure and pulse con¬ 
tour compared with brachial artery pressure, in the conscious patient, yields 
significant data about valvular lesions. The measurement of the aoitic valve 
gradient is supplemented by injection of dye or radioactive material into the 
left auricle or ventricle. Sampling of brachial aiterial blood gives a curve from 
which an estimate of insuffleieney, between the points of injection and sampling, 
is derived. The regression formulas of Korner and Shillingford'* have been 
modified and applied to left heart catheterization by Dexter and associates.” 



Rheumatic 



Subacute Boctenal 
Endocarditis 



F»ff 1 —Common morphologic patterns of aortic Insulficjency, 


This lias been helpful in differentiating mitral stenosis and insufficiency.* It 
Ls to be hoped that a comparable degree of pioficiency can be developed in the 
determination of aortic insufficiency. The problem of combined aortic and 
mitral insufficiency awaits solution. 

Peripheral arterial pulse tracings are of little value in differential diagno¬ 
sis due to the influence of myocardial failure and the degree of peripheral 
resistance. 

PBIXCIPLES OF SURCrevL CORBECTIOX 

The burden of aoitie insufficiency falls primarily on tlie left ventricle which 
may eventually fail. This failure is due to increased work in maintaining for¬ 
ward flow or to inadequate coronary blood flow at a lowered diastolic pressure. 



196 


TAYLOE, THEOWEE, BLACK, HAEKEN 


J. Thoracic Surg. 
February, 1958 


A significant proportion of the added work appears to be relieved by the 
Hiifnagel prosthetic ball valve placed in the descending aorta just beyond the 
left subclavian artery. Hufnagel and his colleagues^^ feel that this reduction 
of work may be of the order of 75 per cent. AYe have had discouraging ex¬ 
perience with these valves. Placing the valves is not a problem; however, some 
patients have continued to have symptoms including increased angina. Sud¬ 
den death has occurred. The diastolic pressure in the arms can be observed 
to fall after the insertion of the Hufnagel valve. Mean diastolic pressures 
have been shown to be lower by Rose, Hiifnagel, Freis, Harve.y, and Porten- 
open^® and also by McKusiek, Kahn, Braj'shaw, and Humphries.'*’ This may 
have bearing on the increase of angina following valve insertion, and the limited 
clinical success. It is appropriate to consider more physiologic placement of 
valves or repairing the incompetence below tlie level of the coronary ostia. 

The same criticism directed at the placement of the Hufnagel valve far 
distal to the coronary ostia pertains to Murray’s’® use of an homologous aortic 
valve segment in the same position. The physiologic and hemodynamic disad¬ 
vantages are compounded b}^ the limitations of homografting itself. 

Instead of replacing the valve, Sarnoff and Chase®® have devised an L- 
shaped Lucite tube containing a ball valve that affords a new outflow tract at 
the cardiac apex. This inserts directly into the descending aorta. They have 
used this extensively in the laboratory. This or some similar principle may 
be useful at some time in the future. 

Upon scrutiny of the morphology of aortic insufficiency and the principles 
involved in the local correction of regiirgitation, at least four additional con¬ 
siderations are warranted. 

First .—The first principle concerns incompetence associated with stenosis. 
At times the incompetence is not due to shortening of the leaflets but to ina¬ 
bility of the leaflets to move into the closed position. Often these leaflets are 
held open in a pyramidal position by fusion at the commissures (Fig. 1). In 
this situation, fracture of the fused commissures, allowing more complete and 
more rapid closure, reduces the insufficiency and corrects the significant stenosis. 

Second .—A second principle involves placing an obturator above the exist¬ 
ing valve. This obturator, round or spherical in shape, is anchored by flexible 
moorings to the aortic wall; it moves awaj'^ from the valve orifice in systole and 
back to obstruct reflux in diastole. Bailey’ used such prostheses above com¬ 
bined stenotic and incompetent orifices. 

Glenn and his associates’^ have employed a similar principle by placing 
material through mitral orifices. This substitute for loss of substance in cusp 
length and occlusive capacity also shortens the closure time of the leaflets. AVe 
have placed various substances through the aortic orifice m animals. The most 
promising would seem to be a braided Teflon cord, approximately 4 mm. in 
diameter (Fig. 2). 

j'Jiird .—A third principle involves adding length and flexibility to the 
existing cusps. This may be accomplished by autografting or suturing ma¬ 
terial, such as Teflon, to the cusps. 
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Fourth .—Tlio fourth principle pertains to tlic reduction of tlie size of the 
amtulrrs of the aorta. In .such a way, small leaflets may become adequate. 
Bailey’s “sash”^ employed this principle. Tliis sash was placed so wide of the 
base of the aorta that it seemed unlikelj' to be effective. Similarly, commissural 
suture or neutral cusp plication has been considered. Tliese liave not, to our 
knowledge, had successful human application. Such plication, particularly 
total neutral cusp infolding, seems unreasonable when one considers the charac¬ 
ter of ventricular and aortic walls. 

Finally, direct uniform reduction of the base at the annulus seems attrac¬ 
tive because some pathologic processes producing incompetence are primarily 
due to dilatation, e g., syphiiitic lesions and diffuse nyocardial dilatation. In 
other instances, the leaflets are shortened and remain flexible. These conditions 
are partially or completely defeated if there is extensive calcification of the 
leaflets or the annulus. 


& 

Fig 2—Braided Teflon vaUe seat. 

Ideally, circumclusion sliould bo carried out through direct dissection be¬ 
neath the coronary ostia rather than involving the widespread tissue compies- 
sion mentioned in connection with the “sash" operation. Proper ciicumclusion 
involves placement of this constricting band below the widest girth of the 
truncated base of the aorta (Pig. 7). This constricting band must be low 
enough to reduce the area at the very base of the sinuses of Valsalva in order 
to afford maximum redxietion of area to be occluded. The dissection is quite 
feasible when gently and delicately carried out. 

TECHNIQUE FOR CIRCU.VICLUSION 

The patient is placed in a supine position with the right side elevated to 
an angle of 35 degrees. A right inframammaiy incision is made over the fourth 
interspace and extended transversely across the sternum to the left third inter¬ 
space (Pig. 3). The right pieuial cavity is entered through the fourth inter¬ 
space. The sternum is transected obliquely connecting the fourth right with 
the third left interspace. The pericardium is opened obliquely to expose the 
great vessels and right ventricle. The pulmonary artery and ascending aorta 
aie separated down to and through tlic conus ligament (Pig. I). Anteriorly, 
dissection is carried toward the base of the aorta, reflecting the right ventricular 
myocardium and perieoronary fat. The right coronary artery is isolated (Pig. 
4). The aorta is exposed 1 to 1.5 cm. below the coronary origin. Exposure 
of the postoromedially placed left coronary artery is more difficult, but it must 
be adeijuately visualized in order to place the cireumclnding suture. The dis¬ 
section is carried gently hcloiu the toidest diameter of the sinusei of Valsalva, 
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Fig. 3._Right anterolateral incision and exposure. 
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since the cireumclvidiiig suture must, on constriction, tend to migrate down¬ 
ward to reduce tlie aortic valve area, rather than upward and angulate the 
coronary arteries (Fig. 4). A double-tapered braided silk suture® is used. 
This suture tapers from No. 3-0 at the swedged malleable vascular needle to 
No. 5 in the middle and again reduces to No. 3-0 at the otlier needle (Fig. 5). 
The cireumcluding suture is started lateral to the right coronary artery where 
a firm anclioring ligature is taken in the myocardium deep in tlie dissected 
groove at tlie base of the aorta. Tiie suture is tlien passed beneath the riglit 
coronary artery (Fig. 6). Anotlier anclioring stitch is placed under the divided 
conus ligament. The origin of tlie left coronary artery is uiiderpassed and the 
left and right fibrous triangles, as described by Barry and Fatten,*" are in¬ 
corporated in the suture line. The heavier tapered material is advanced so 
that the base of the aorta is clreumseribed by the No. 5 segment. It is em¬ 
phasized that the suture must be placed well below tlic origin of the coronary 
vessels and below the widest girth of the promontories of the sinuses of Valsalva, 



Fig. 5 —Double-tapered suture with malleable swedged vascular needles, 

as described previously. In earlier dissection tliis was not adequately appreci¬ 
ated. Palpation of tlio base of the aorta by a finger within the riglit auricle fa¬ 
cilitates placement of tlie stitch low in relation to tlie neutral (noiieoroiiary) 
eirsp (Fig. 6). Tliis tends to ensure the low position of the circnmcliision for 
more effective coaptation of cusps and protection of coronary arteries. Having 
thus placed tlie cireumcluding suture (Fig. 7), it may bo used alone or entwined 
witli anotlier No. 5 silk suture, or even cotton umbilical tape, to provide added 
bulk. 

The degree of reduction of the aortic base is a delicate determination. As 
the constriction is increased, the cusps can be felt to close with a sharp impact 
in diastole. The anesthesiologist may detect an elevation of tlie diastolic pres¬ 
sure. Ill only one instance was intra-aortie digital control used as the suture 

•Ethicon, Inc., Somerville, New Jersey. 
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Fig. 6.—Double-tapered suture ligature passed under coronary arteries, anchored low in 
relation to neutral (noncoronary) cu.sp. Finger as guide is in right atrium. 



Pig. 7.—Location of circumcluding ligature. 
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was tied. This was aceomplislied by suturing an Ivalon operating tunnel to 
the ascending aoita, through which the surgeon palpated the valve as the tie 
was made. This seems unnecessarily complicated. 

Operative Experience .-—Eleven patients with puie aortic insuffieiency have 
had the cireumclusion operation. Five are living and improved. There were 
4 operative deaths and 2 late deaths. All were males varying in age from 20 
to 54 years. The etiologic factor was rheumatic fever in S, syphilis in 2, and con¬ 
genital malformation in one. All but one were in congestive failure at the time 
of operation Five had angina pectoris and 4 had calcification of the aortie 
valve. All had sj'stolic as well as aortie diastolic murmurs. Further details 
are incorpoiated in Table I. 



Fiff 8 —Patient A P Cardiac silhouette before and one year after cireumclusion 
for aortic insufficiency Left, Before operation, Julj 11, 1955 After operation, July 

9, 1956 


DISCUSSION 

Objective evaluation of this operation has been difficult. The technique 
must bo modified according to the anatomic findings and cannot be rehearsed 
on animals. All but one patient opeiatcd upon weic teiminal. Among such 
a group of patients, a useful procedure can fail to prove ihself. Fortunately, 
the first patient was conspicuously benefited An orthopneic, dying man in 
overt congestive failure, with angina and syncope in bed, was out of failure 
and free of pain and syncope when discharged on the tenth postoperative day. 
He returned to vigorous farming for one year. Reduction in cardiac sice is 
illustrated (Fig. 8). Eventually, after 18 months, he succumbed to congestive 
heart failure secondary to a pulmonary infection. The first 12 postoperative 
months of rehabilitation were gratifying and prompted further trial of the 
operation. 

The second patient had an aorta with a pyiamidal base and the dissection 
was not carried deep enough to prevent upnard migration of the constricting 
ligatuie. The right coronary artery was compromised and the patient died 



Table I. Circumclusion for Aortic Insupficency—Operative Experience 
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the day after surgery. This led to a more extensive dissection and the develop¬ 
ment of the double-tapered suture (Fig. 5), which has considerably improved 
the security of placement. 

The third patient in this series was in cardiac failure and died 15 days 
after surgery in liepatie coma. He had had a Hufnagel vah^e placed 3 j’eai’s pre- 
viouslj^ 

The fourth death occurred 33 days after operation in a patient who had to 
be readmitted to the hospital because of dehiscence of his wound. The aortotomy 
also ruptured and the patient exsanguinated. Whether infection or the known 
liver disease was responsible for this total failure of healing cannot be established. 
Autopsy indicated that the ligatixre was well placed and did correct his aortic 
incompetence. An associated coarctation of the aorta may have been significant. 

The fifth death occurred suddenly 20 hours after surgery. It was of the 
sudden unexpected type seen in patients with severe disease of the aortic 
valve and was presumed to be from ventricular fibrillation. At autopsy, the 
cireiunclusion was perhaps 3 mm. liigher than the ideal position and had not 
been tightened sufficiently but it did not comproinise the coronary arteries. 

The sixth death was due to massive atelectasis and occurred on the second 
postoperative day. This patient had been hyperventilated with 100 per cent 
oxygen because of marked S-T segment depression during operation. Extuba- 
tion and shift to nasal oxygen without nitrogen transition probably contributed 
to the atelectasis. The circumclusion appeared effective on direct inspection and 
when studied on the pulsator. 

This high mortality rate seems less formidable when vie\^'-ed as the result of 
salvage surgery in a de\’elopmental phase. Indeed the first death was IV^ years 
after surgery and the patient enjoyed total reliabilitation from a moribund 
preoperative state for a period of more than one year. The surviving patients 
have shown encouraging improvement. 

Efforts are being made to find objective means of evaluating this operation. 
Cardiac output studies and dye dilution curves may provide objective data. 
No patient has been permanently relieved of liis aortic diastolic murmur, but 
this is'not a reliable criterion of the hemodynamic situation as discussed above. 
The clinical course and serial roentgenograms seem to constitute our best cur¬ 
rent means of assessment. 

The fear that the circumcluding suture might erode through the base of 
the aorta seems unwarranted. This does not occur in dogs when the descending 
aorta is reduced to one half of its lumen with silk, nylon, or cotton material. 
It had not occurred in any of the patients presented here who died. This in¬ 
cludes the patient who survived 18 months. 

The dissection of the base of the aorta may at first seem a formidable 
procedure. A limited amount of practice, however, will convince one that this 
can be done if reasonable care is employed. The division of the conus ligament 
to expose the bases of pulmonary artery and aorta and the left coronary artery 
is a vital maneuver. Better suture material may be developed in the future 
but a very satisfactory one is available.® A Iniowledge of this dissection may 
be useful when valve replacement becomes practical. 


♦Ethicon, Inc., Somerville, New Jersey. 
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This technique of cucuiiiclusioii constitutes a leasoiiable eoiieetive pioce 
dine which should carij an acceptable opeiative iisk foi patients not terminally 
ill with noncalcific oi only slightly calcific incompetent aoitic valves 


SUMMARY 

The clinical couise, diagnosis, moipliologic types, and lieniodj iiaiiiics of 
aoitic insufficiency aie discussed Principles imohed in its surgical coirectioii 
are reviewed Elcicn patients uitli puie aoitie iiisiiffieiency have been opeiatod 
upon by the cireumclusioii teehiiiqiie Fi\e aie Imng and inipioved Theie 
weic 4 operative deaths, and 2 late deaths All but one were in congestn e failuie 
at the time of opeiation The etiologic faetoi nas iheumatic fever in 8, syphilis 
in 2, and congenital iiialfoimatiou in one 
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THE CLINICAL AND PHYSIOLOGIC CRITERIA FOR SURGICAL 
CORRECTION OP MITRAL INSUFFICIENCY 

Julio C. Davila, M.D. (by invitation), and Robert P. Gloi'er, ]\I,D., with 
Gerardo Yogi, M.D. (by invitation), P. Jumbala, M.D. (by inwitation), 
Robert G. Trout, M.D. (by invitation), and A. Jane Fritz, R.N. 

(by invitation) 

Philadelphlv, Pa. 

A CONTINUING study to evolve nietliods for the proper surgical manage¬ 
ment of patients with mitral insufficiency has been in progress for 5 years. 
Initial experimental work led to the successful clinical application of an 
effective operative technique for correction of mitral regurgitation 21/2 years 
ago.’®^ This was the first reported ease in which correction of regurgitation was 
objectively documented.''® Prom that date through IMarch, 1957, 49 consecu¬ 
tive patients with severe degrees of mitral insufficiency liave been examined. 

In this presentation, preoperative, operative, and postoperative findings, as 
well as current results of management, are considered in an attempt to derive 
criteria for the selection of candidates for corrective surgery. 


CLINICAL material 


Of the 49 cases included in this report, 7 were males and 42 were females. 
The ages were between 7 and 5S years. Forty gave a positive history of rheu¬ 
matic fever or of definite related manifestations. The onset of clearly progres¬ 
sive symptoms varied from 3 months to 38 years prior to our investigation of 
the case. Progressive symptoms were present for an average of 7.72 years. 
Fifteen patients were totally incapacitated by their disease from 6 months to 
15 years. All were on a medical program for control of congestive failure. Tin's 
regime consisted of medication with digitalis preparations, mecurial and oral 
diuretics, as well as low sodium diets and marked restriction of activity for 
periods from 2 montlis to 29 years, averaging 7.S yeai-s. 

Twenty-six patients were in a state of decompensation at the time of ad¬ 
mission to our hospital service. These proved to be eases of medically intract¬ 
able congestive failure. Three patients had suffered periplieral embolic episodes. 


H-om tlie Department of Thoracic and Cardiac Surgery, The Tljoracic and Cardiovascular 
Research Laboratory, and The Clinical Laboratory at Presbj-terian Hospital. Plilladelphia, 
Pa. ^ . 

E-vnerimental aspects of tliis work have been supported by U. S. Public Healtli Service 
Grant *No H-1712 (R) and No. H-1712 (C), and Grant-in-aid from tlie Tri-Countj' Heart 
Association of Pennsylvania and The Cardiovascular Research FoundaOon. 

Read at tlie Thirty-seventh Annual Meeting of Tiie American Association for Tlioracic 
Surgery at Chicago, Hi., May f-i, 19oi. 

*jan. 20. 1955. 


20G 



\'oIume 35 
Number 2 


SURGICAL CORRECTION’ OF MITRAL INSUFFICIENCY 


207 


Symptoms in order of severity and frequency were fatigue, dyspnea, pal¬ 
pitations, orthopnea, cough, edema, abdominal fullness or distention, and pre- 
eordial pain. Two patients had been subjected to mitral commissurotomy, 1% 
and 2 years before. Four had previous exploratory cardiotomy. 

A systolic murmur at the apex, transmitted to the left sternal border and 
to the axilla. Grade 3 to 4 in intensity, was present in all eases. A muffled or 
absent mitral first sound was noted in 26 eases. The mitral first sound was 
intensified in 17 cases. A markedly accentuated second pulmonic sound was 
observed in 29 cases. A sj-stolic murmur transmitted to the neck was detected 
in 5. One of these was proved to have a moderate degree of aortic stenosis. 
Another is suspected of having this lesion. An apical diastolic murmur was 
detected in 28 eases. Ascites and/or hepatomegaly were present in 29 eases. 
Dependent edema and pulraonar}' rales were evident in 9. 

Routine laboratory work was not remarkable except for an occasional mild 
anemia. Eight patients may have been in a state of low grade rheumatic ac¬ 
tivity. However, C-reactive protein, antistreptolysin, and antihyaluronidase 
titers, as well as erythrocyte sedimentation rates, were not consistent. 

Six patients were in normal sinus rhythm. Forty-three were in atrial 
fibrillation. Of the latter, 8 showed frequent runs of ventricular extrasystoles 
or bigeminal rhythm. Changes suggestive of digitalis effect, myocardial ischemia, 
or of pericardial activity were noted in 18. Ventricular rates varied between 
50 and 96 beats per minute and averaged 76 beats per minute. Two patients 
showed evidence of atrioventricular dissociation. 

Phonooardiograms routinely showed wide amplitude vibrations throughout 
systole on the apical tracings. Notable diastolic vibrations were seen in a few. 

Radiologic studies included fluoroscopic examination and posteroanterior 
left lateral and both anterior oblique tcleorocntgenograms. The findings can 
be condensed into three groups, arbitrai’ily divided according to heart size; 
there were 14 patients with massive cardiomcgaljv The cardiothoracic ratio 
in this group ranged between 0,703 and 0.875, averaging 0.772. Fourteen pa¬ 
tients had marked eardiomegaly with cardiothoracic ratios of 0.602 to 0.683, 
averaging 0.639. Sixteen patients had moderate eardiomegaly with eardio- 
thoracie I’atios of 0.464 to 0.595, averaging 0.518. Roentgenograms of 5 pa¬ 
tients were not available for measurement. Four of these were operative deaths 
and one patient is living. 

Right heart catheterization was performed in all but 3 patients and partial 
or complete data are available (Table I). Left atrial puncture was performed, 
transhronehially,® in 23 eases. 

The mo.st obvious clinical differentiation of eases in this series was based 
on the degrees of incapacitation and response to medical management. On this 
basis the series is separated into two categories. Twenty-six patients were in 
medically intractable congestive failure. Many were totally incapacitated. 
Twenty-three were in chronic congestive failure, but responded to medical 
management. A few were able to perform light ta.sks but .showed 'fatigue on 
more than mild exertion. 
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Table 1 


CASE 

AGE 

EA 

RV 

PA 

PVC 

LA 

LV 

ARTERIAL 

c.o. 

PULJIO- 

NARY 

ARTERIOLAR 

RESIST¬ 

ANCE 

TOTAL 

PULMO¬ 

NARY 

vascular 

RESIST¬ 

ANCE 

1 

28 






125/75 




2 

24 


25/14 

80/47 

20/11 






3 

27 


30/ 6 

35/ 5 

14/11 


125/65 




4 

41 

15/ 7 


58/30 







5 

19 

9/ 2 

75/-1 

88/35 







6 

28 

2/-3 

20/-5 

28/10 

16/ 5 


125/62 




7 

21 

1/-3 

31/-6 

30/11 

16/-1 


98/57 




8 

33 

7/ 0 


120/60* 







9 

38 


48/ 0 

46/11 

49/17 






10 

33 

10/ 6 

80/ 2 

76/36 

29/15 






11 

38 










12 

38 

3/-2 

23/-4 

20/ 4 



130/60 




13 

19 

(9) 

50/10 

55/20 

(16) 


118/75 




14 

29 

5/-1 

64/ 0 








15 

7 

3/-4 

12/ 1 

12/ 5 

10/ 6 






16 

33 

4/-3 

42/-3 


48/15 






17 

25 

5/ 0 

35/-5 

30/ 5 

12/ 0 


140/80 




IS 

30 

9/ 4 

38/ 7 

38/18 


42/24 130/8 

115/65 

8.03? 


196 

19 

31 

9/ 2 

34/ 5 



58/25 


3.75 


348 

20 

52 

10/ 6 

35/ 5 

35/17 



140/48 

4.8 


384 

21 

31 

14/10 

60/ 0 

60/20 

30/18 


120/64 




22 

19 

-3/-10 35/-7 

40/ 6 

15/ 6 


124/76 




23 

34 


60/ 0 

60/18 

40/12 

48/? 





24 

22 

13/ 5 

92/ 5 

92/44 

52/22 

60/15 

140/84 

2.3 

975 

1998 

25 

48 

24/15 

84/10 

80/40 

52/22 

40/17 

126/80 

1.56 

1120 

1960 

26 

35 

7/ 2 

40/ 3 

36/13 

32/12 

30/17 

120/70 

2.71 

178 

766 

27 

27 

(7) 

38/ 7 

37/18 

30/12 

42/17 

120/60 

1.5 

624 

1338 

2S 

35 

5/ 0 

45/ 2 

45/22 

12/ 5 

10/ 0 

136/68 

3.24 

160 

800 

29 

IS 

10/ 6 48/ 8 

48/30 

35/15 

50/10 

100/60 

2.25 

400 

1280 

30 

00 

13/10 

64/11 

64/32 

49/20 

85/22 

116/74 

2.05 

560 

1760 

31 

17 

10/ 3 

70/ 6 

70/35 

22/15 

40/24 

120/52 

3.30 

880 

1120 

32 

36 

10/ 5 

30/ 6 

30/13 

23/10 

23/ 8 

108/50 

2.80 

164 

550 

33 

52 

14/10 

64/10 

64/36 

44/22 

45/25 

155/76 

2.67 

400 

1200 

34 

47 

catlieterizatioa contraindicated 





35 

31 


40/ 5 

45/25 

28/? 

42/25 

110/60 




36 

29 

10/ 5 

28/ 7 

28/10 

23/18 

24/12 

128/64 




37 

36 

10/ 3 

32/ 6 

32/15 

30/12 


96/48 

3.36 

89? 

500 

38 

47 

8/ 5 


30/12 

23/9 

26/12 

120/68 

4.44 

110 

419 

39 

58 


24/ 7 

20/10 

16/10 

35/12 

160/88 

2.25 


490 

40 

26 

15/ 6 

45/ 7 

45/25 

35/16 40/17 

100/64 

2.6 

320 

990 

41 

25 

10/ 5 

40/ 7 

40/22 

38/12 44/15 

120/70 

3.8 

212 

522 

42 

32 

15/10 

42/10 

42/20 

35/16 


118/64 

4.86 

100 

468 

43 

33 

18/ 4 43/12 

43/25 

42/26 50/22 


2.85 

351 

420 




Patients Who Did Not Have Corrective Surgery 



1 

37 

20/13 

72/16 




130/80 

2.50 



2 

29 

3/-4 25/-6 

34/-2 

14/-2 


105/48 




3 

54 

15/ 7 

45/ 9 

45/22 

30/15 33/15 

150/80 

5.58 

310 

492 

4 

34 

8/ 5 

50/ 7 

50/25 

47/14 


130/90 

2.93 

215 

880 

5 

29 



40/22 

25/10 

45/10 

140/80 

3.71 

325 

610 

6 

32 

17/12 80/14 

80/45 

40/25 


130/80 

2.84 

790 

1624 


Voli me 35 
\ 1 ber 2 


SUEGIOAL COKBECTIOi^ OP MllBAL INSTJPrlCIENCY 


200 


HESOLTS OF SUBOCR\ 

Tweiitj five mcdicalh mtraetabie patients weie subjected to suigeiv Defiii 
itive suigery could not be perfoimed in a ot these Two had such \alvulai 
damage that any known opeiatue techuuiue would have been futile In 
3 othei patients examination of the size of the cardiac chambers, the degiees 
of left vciitiiculai dilatation, and then pooi tolciance to thoracotomy indicated 
that they would not bo impioxed bv eoircctivc snigciv Thiee had previous 
vena ca\.i ligation ’ In 2 this was done before exploration One patient was 
not subjected to turthei opeiations One patient of the intractable group had 
a vena cava ligation, followed 6 weeks later bi coriectne siiigerj and is included 
below 

Twentj patients in intiaotable congcstiic failure weic subjected to en 
euinfeiential siitiiie of the mitial annulus Thiee aie living In one, legiiigi 
tation was due to iiiptiiie of choidae tcndineae This case has been reported 
elsewheie ’ The patient is a 55 leai old man who was totalh incapacitated but 
who is essenticdh asvmptoinatie 11 montlis aftei snigeii It was consideied at 
operation that an excellent meclianieal collection of the defect had been obtained 
One othei patient is now 11 months postojiciatiie Correction in this instance 
was less satistactoii Although he was not expected to suiiive, he did reason 
ablj well during the fiist few months postopeiativch No leceiit followup is 
available The thud living patient had vena cava ligation She is now 15 
months postopoiativo and shows some impiovcmcnt Collection ot regiiigita 
tion 111 tins case was satisfactoiv 

Seventeen of the patients who manifested intiactable failuio aio dead 
jSIochanieal collection of the legiugitant defect was excellent in 2, good m 5, 
fair in 2, and unsuccessful in 2 In 5 othcis, the degice ot coriectioii could not ho 
ascertained because of general eiiculatoij dcteiioiation during the opeiative pio 
ceduic Four of these vveie operative deaths (witliin one week attei operation) 
One survived 8 months despite 65 minutes of ventiiculai fibrillation at snrgerv 
This patient is said to have impiovcd sliglitlj at hrst but subsequently dcteiio 
rated In 10 patients, satisfactory coricction of the defect was known to have 
been obtained at siirgeiv Three of these vvcic operative deaths Seven sur¬ 
vived one to 8 months postopeiativcly One of the siuvivors was unproved 
physically but mental depiession led her to commit suicide 6 months aftei opei 
ation 

Autopsies weie pcifoimed in 12 of the 17 patients in this gioup Eight ot 
these hearts were studied on the pulse duplicator wliicli demonstrated that 6 
were satisfactorily' coirected by the piiise string operation The 2 otbeis pos 
sessed the anatomically iineoiiectable lesions just mentioned 

To leeapitiilate then, of 20 intractable cases m vvhieli cireiimfcienti.il siitiiio 
was poifoinied, 3 patients are living Two ot these are 11 months postopera 
tive and one is 1 5 iiiontlis Bight sunivcd one to 8 months aftei surgeij' and 
9 died within the fiist week In IG patients who weie opeiative or late deaths, 
siihstantiil degiees of coriLCtion of the reguigitatioii weie evident fiom opera 
tive observation, aiitopsv findings, and study on the pulse duplicator’” ” In 
deed, it is possible that the regurgitation was totally eliminated i 3 of 
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This, however, cannot be proved. That correction was lasting was evident in 
all the late deaths which were autopsied. No corrective effect was observed in 
2 and no information is available on one patient. 

The causes of death were apparent in only 4 of the fatal cases in which 
satisfactory correction is known to have been obtained. One patient had ven¬ 
tricular fibrillation during preliminary exploration of the heart. Purse-string 
operation of the mitral valve was carried out in the presence of this arrhythmia 
in the hope of improving forward flow. However, all resuseitative measures were 
of no avail. Two patients had previous exploratory eardiotomy, and dissection 
through the dense adhesions in the transverse sinus led to uncontrollaljle hemor¬ 
rhage Avhen the suture Avas placed. One patient committed suicide. Three of 
the remaining 10 patients developed ventricular fibrillation at surgery. One 
could not be resuscitated, one survived 4 days after 45 minutes of ventricular 
fibrillation at surgery, one other lived 8 months. No definitive cause of death 
was noted in these 2 other than progressive circulatory failure. In the 7 other 
deaths no clear cause of death is known. All of these patients ran a course com¬ 
patible with progressive heart failure. No significant arrhythmias Avere detected 
in this group although 2 patients died suddenly 4 and 5 months after surgery 
and either ventricular fibrillation or atrioventricular block Avas suspected. 
Coronary ischemia could be suspected but this is not clearly indicated by electro¬ 
cardiograms AAdiich reveal mild changes compatible Avith digitalis effect, trau¬ 
matic pericarditis, or mild degrees of ischemia. Serial tracings shoAved improve¬ 
ment Avith return to the preoperative state Avithin one to 4 Aveeks postopera- 
tively. Three patients developed a state of peripheral vascular collapse Avhich 
Avas gradual in its evolution, intractable, and fatal in 4 to 6 days after surgery. 
Loav grade rheumatic activity preoperativcly and/or postoperatively Avas sus¬ 
pected in 4. 

It is our impression that despite satisfactory correction of mitral regurgi¬ 
tation these patients died in a state of forward failure Avhich Avas rapidly fatal 
in 3 and led to pulmonary congestion and combined left and right heart failure 
in 7. 

TAventy-three patients Avere categorized preoperativcly in the chronic con¬ 
gestive failure group on the basis of their condition and the response to medical 
management. SeAmn of this group are dead. Five Avcrc operative deaths, one 
from an incompatible blood transfusion. One died in ventricular fibrillation at 
surgery and 3 died 4 days postoperatively in a state of circulatory depression 
associated Avith terminal bradycardia in 2. An electrocardiogram Avas not ob¬ 
tained terminally and although available tracings do not shoAV atrioventricular 
dissociation, it is strongly suspected that this derangement had occurred. In 
the third case, irregular ventricular tachycardia Avas ijresent until death. 

Tavo patients died in the late postoperative period. One died 3 months 
after surgery from an avoidable technical error Avhich resulted in an infected 
thrombotic focus on a segment of the suture erroneously placed across the 
lumen of the left atrium at the atrioventricular ring. This ease has been 



\ olume sS 
Number 2 


SURQIGAt. COEREGriOfr OF JCTRAL INSUFFICIENCY 


211 


descnljocl picviously “ Anothci patient died 8 inoiitlis 250'itopoiativeh A1 
though tlic cause ot death is not elcai, the knot of tlic sutmo )ind eiodcd into 
the wall of the atuum and picscnted in the lumen This inaj have been a 
souioe of emboli not detected at autopsy This icsult is also aioidable Autopsy 
lias performed in all 7 of these patients and satisfactori collection ot the le 
guigitant defect was substantiated 

Sixteen of this group of 23 patients in eliionio congestive failure are In 
ing 3 months to 21/7 yeais aftei operation Jlechanical corieetion of the lesion 
in these was interpicted as excellent m 4, good in 6, and fan in 6 In the 
fiist 4, no leguigitant jet was apparent upon completion of the opeiation 

AGE DISTRIBUTION AND SURVIVAL OF 



YEARS OF AGE 
Fie J 

The inuimur was totally abolished and lemained undetectable foi up to 2 
iveelcs postopeiatively After this tune, a sistolic imnmiii of i educed inteii 
sity reappeared in all of these cases All 16 patients haic shown progressive 
and lasting improvement folloiiing snigeij Eleven of these individuals have 
letnriicd to iioimal useful activity, either hoiiseiioik or gainful emploinient m 
their pievious occupations One ot these patients had a preopeiative embolic 
hemiplegia Foui are less than 7 months and one less than 10 months post 
operative This patient Ind siiffeicd a picoperatiie peiipheral embolus 

The postopeiatiie eouise in this group his been extremely diffeieiit troni 
that of patients in the uitiactable failuie gioup in spite of the fact that 4 of the 
snriivois shoiied i picture coinjiatible iiith low giade iheumatie activiti pie 
01 postoperatii eh 

Seven of the 16 had proved postoperatiie atiioientrieulai block iiithm the 
fiist 2 weeks following suigery In 2, digitalis intoxication could have been 
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responsible for this disturbance. In 5, the electrocardiogram bad reverted to 
the preoperative rhythm by the time of discharge from the hospital (one month). 
In one ease, that of the patient who died 3 months postoperalively with sub¬ 
acute bacterial endocarditis, the conduction disturbance persisted. 


OBJECTIVE DATA 

In the hope of formulating criteria for the application of corrective surgery 
for mitral insufficiency, the available data on the sulijeets of this study has been 
examined. The 43 patients operated upon have been grouped as follows: 1!) 
patients who are living postoperatively, 14 patients who died one to 8 months 
after operation, and 10 patients who died within the first week of surgeiy. This 





i 


w ^ ido itS lib 


Fie. 3 


eliminates the empirical preoperative evaluation made on clinical giounds Un¬ 
fortunately, due to the exigencies of clinical .surgery, the information is not 
uniformly complete. A conscientious effort has been made, however, to gather 
all possible facts in every- case and to subject these data to careful technical 
criticism. 

The influence of age has been tabulated in Fig. 1. Insurance statistics 
compiled on a group of patients totaling more than 15,000 who had apical sys¬ 
tolic raurmur.s interpreted as organic and who were followed for a period of 
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PRE-OPERATIVE 

^ DATA rnOM PAT- AHO POST-Op. CAKOIAC CATNCTCAI ZATtON APTCP S, t, t AAO IZ MOp, 

Fig. 4. 


Fig. 5.—Extreme and average 
viving group.* Left to right. Top 
Cases 3S and 31. 

x-ray and hemodynamic findings in patients of the sur- 
Cases 26 and 27. Center; Cases 28 and 40. Bottom; 


SUR- 

VIVALt 

PA 

PVC 

LA 

LV 

LV 

END 

DIAST. 

ART. 

I CARDIAC 
OUTPUT 
[(L./MIN.) 

CARDIO- 

THORACIC 

RATIO 

Average Seart and 
Average PA Sys¬ 
tolic Pressure 
Case 26 Gath. 

Op. 

1 3^r. 

36/13 

32/12 

30/17 

30/12 

104/3 

8 

120/70 

112/68 

2.71 

0.661 

Cas IS 

Cath. 

Op. 

1% yr. 

38/18 

42/24 

42/24 

48/7 

130/8 

120/0 

9 

115/65 

125/105 

8.03? 

0.669 

Smallest 
Largest 
Case 28 

and 

Hearts 

Cath. 

Op. 

11 mo. 

45/22 

12/15 

10/0 

18/5 

96/2 

7 

136/68 

114/72 

3.24 

0.464 

Case 40 

Cath. 

Op. 

3 mo. 

45/25 

35/16 

40/17 

23/11 

106/4 

10 

100/64 

100/68 

2.6 

0.663 

Lowest and High¬ 
est PA Systolic 
Pressure 

Case 38 Cath. 

Op. 

0 mo. 

30/12 

23/9 

26/12 

30/10 

90/12 

12 

120/68 

4.4 

0.561 

Case 31 

Cath. 

Op. 

10 mo. 

70/35 

22/15 

40/24 

35/16 

96/-4 

0 

120/52 

104/60 

3.3 

0.683 


*Case 31 died at 1 year. All others are living and well at time of this publication. 


tSurvival time given at time of presentation (May, 1957). 
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Smallest Heart 
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Case 39 Cath. 

Op. 

1% 

20/10 

16/10 

35/12 

30/10 

90/12 

12 

160/68 

2.25 

0.578 

Average Heart 
Average PA 
' Pressure 

Case 4 Cath. 

Op. 

1 

58/30 

54/25 


28/11 

155/-2 

3 

130/65 


0.756 

Largest Heart 

Case 6 Cath. 

Op. 

2% 

28/10 

48/12 

16/5 


S0/-8 

-4(?) 

125/62 

120/70 


0.870 


Highest PA Pres- 
swe 

Case S Cath. 

Op^_ 


1% 120/60 


128/0 


10 120/80 


0.712 
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15 ycais mdicate the moitdlitj iislc ot such luclivuluals Those who had, iti 
addition to the nimmiu, iiiodei.ite caidiac enlaigcinent but gaie no histoiv ot 
rheumatic fetci liad a moitality lato 7 6 times gieatei than the standard risk 
Those ulio had a definite history of iheumatie fevei in addition to the othei find 
mgs wcie subject to a mortality iisk 11 1 times greatei than the standaid It it 
IS assumed that this gioup laigely lepiesents eases of piedominant mitial insufifi 
ciencj, it IS e\ident that we aie dealing with a condition which is highly fatal m 
a relatiich short time Tlie mortality peiccntage iiiei eases abiuptlj from less 
than 10 pel cent at the 5 j eai follow up to 20 pei cent at 10 yeai s and nearly 35 
pel cent at 15 years* The last maioiiti ot oui patients fall between the age 
limits of 15 to 40 years, tlie median being 30 to 35 leais of age This gioiip 
ot patients had definite progressne symptoms toi an aveiage of 7 7 jeais, 
indicating that then lesion peihaps ineludiiig caidiomegalj was piesent foi 
even loiigei peiiods of time Then moitality risk then would fall within the 
limits of the insurance figures quoted aboie 

It was hoped that \ raj studies might piovide a practical means to evaluate 
the stage of eaidiae deiangcment The average pieopeiative eaidiothoiacic latio 
of the living patients is 0 582, that of the opeiative deaths is 0 630, and tliat of 
the late deaths is 0 683 (Pig 2) ObnousI} the laliie of this iiifoimation is of 
little significance b\ itself It is of impoitance to note howevei, that onh 2 of 
the snivivors had hcaits laigoi than the average ratio of the late death gioup, 
while 5 of the operative deaths and 2 of the late deaths were aboio that figure 
Also It IS of inteiest that only 3 of the tatalities, one due to incompatible tnns 
iusion, and one a lato death due to tcelmical eiioi, wcie below the aveiage ratio 
of the sun Ivor gioup 

A oonelation of eatdiovaseulai picssuics and ot heart size by viay e\am 
Illation has been attempted in these three gioups Fig 3 shows the pieoperativo 
piiliiionaiy artciy systolic piessure m 17 of the suivivors and in all of the fatali 
ties It is not surprising that oiilj 2 patients with piilmonarj arterj piessuies 
exceeding 50 mm Hg sjstolic aie Ining Yet m 10 patients in whom the intor 
Illation IS available the pulmonaiy aiten picssme decieased immediately post 
operativolj It remained unchanged in 3 (Fig 4) 

In Figs 5, 6, and 7 are lepioduced the picopeiatno posteioanteiioi loent 
genogiams of a\ eiago and extieinc cases of the li\ mg gioup, the opeiatu e deaths, 
and the late deaths In the captions aie listed the findings ot cardiac cathetei- 
izntion, the opeiative picssuies, the eaidiothoiacic latio, and the length of sur 
M\al Theie aie elcai diffeiences in the loentgenogiams of the lieaits in 
esch gioup 

Althougli theio is no tine eoiiclation between eloiation of piilmonaij arteiv 
pressuie and heait si/o, it is appaieiit m Pig 8 tint the suiviiing patients weie 
individinls in whom both eaidiac size and piilmomij aitery pressure show 
some lelationship, whereas among the fatalities there was wide scattei 

Lung biopsy oi aiitopsj in 22 of 40 esses showed definite pulmonary aiteiio 
lai damage in oiilj 4 It is intoicsting to speculate that pnlmonarv hjporteii 
Sion in initial legnigitation is pcih.sps ot moie acute onset than it is in miti.sl 

•From Bolt W ind Lew E A Profmostlc Valve of Life Insurance ‘Mortilltj In 
\estimations Exhibit at vV.M A Contention Atlantic City lOou 
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stenosis Ineicased impediment to foniaid fioM, conenuent iMth the mccption 
ot Ittlt \et\tviculai tailwic appeals to he moie ciitical than the luflucuea oC the 
icgnii'ifant defect pot se iii dolt.iniiiiiig piihiionaii in pci tension Iloneioi, 
thcie docs not seem to he positno coiielation hctMcen lett lentiicnhii end 
diastolic and pulmonan aiteii sistolic picssuie 

I'he Iclt leiitiieulai end diastolic picssiuc is platted m Pig 9 to picsent 
the clmngc in this panmctei lolloiiiiig coircction o£ iiisufnoicnci In 10 of the 
suiiuois it decicased sigmhcantU In 4 it did not change (3 of these had 
cssontialh noimal piessuics mitiallj) In 4 otheis, it iiieieased Among 14 
cases of the fatal gioiip, 7 shon an increase Five ot those neio opeiatiie 
deaths Fne showed a decrease, these wcic late dciths One icmamod nn 
changed None of the snivuois had picopeintiie end diastolic pressiiies of 
inoio than 14 mm Ilg Two ot the tatahtics had highei piessmcs Tlie end 
diastolic picssuro postopn itiicK m the smvivois was aboic 10 in onlv 3 eases 
wheieas, in the fatalities, 8 weic between 10 and 20 mm llg Fiie of tliese 
wcie opciatne deaths The end diastolic atuoicntiiculai giadicnt m 40 ot 
the 43 cases is plotted in Fig 10 Postopciafnelv this iniotiimtion is mailable 
in onlj 31 eases, hut it is appaient that thcic is little change in this measure 
inent The finding of numeious instances ot higliei loft icntiiculai end dmstolie 
picssme m the lentiiclo than m the atiram was uncspcctcd but follows the 
pattcin of giaie left iditueulai failiue with maiked incicaso m initial ten 
Sion Among the p iticnts m whom thcic was a positive giadicnt, aiiatomio initial 
stenosis was pieseut m onh 2 In several othcis thoic weie laiiing degrees ot 
conimissuial fusion ot tlie le diets hut the crtcctiio oi ifiee of the vaho was ample 
(indeed, laigei than noimal in manx) In 9 patients, eominissuiotoni} was pei 
foimcd to impioie lalvulai motion, in one to eiilugo the cffectiie oiifiee The 
magnitude of legnigitant How is a function of lett \cntiiculo atiial sistolic 


riR- 7—r\trenie nn 1 n\ernFre x nu nn I homoUminIc nn(!Jnj,«r In pntfents of tl)C operi- 
tivo aenth gioup Left to Top Cn-ses 20 nml 11 Centet Cases 29 and 5 Bottom 
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Op 
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10 
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Op 
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gradient and of the size of the regurgitant mitral orifice, as well as of duration of 
systole. In Fig. 11, this gradient is plotted l)efore and after surgery showing 
a consistent lise indicating more efficient LV ejection forward against peripheral 
resistance by virtue of the fact that mitral valvular occlusive resistance has been 
increased. The gradient rise is partly due to left venti'icular systolic pressure 
rise and partly due to left atrial pressure drop. No significant change in end- 
diastolic atrioventricular gradient was observed. 

Postoperative change in heart size,’^ as evaluated radiographically, is sum¬ 
marized in Fig. 12. 

The consistency with which radiologic reduction of the heart size is seen 
in the survivors having an uncomplicated postoperative course and the failure of 
the heart to decrease in size in the late deaths appears to be of some significance. 
Reduction of heart size in the former group is due obviously to the fact that 
regurgitation is reduced. In the others, cardiomegally remains unchanged 
despite reduction of regurgitation and can only be explained on the basis of 
loss of injmeardial contractility. 


DISCUSSION AND CONCLUSIONS 


The preoperative state of these patients justifies considering at least half 
of them grave operative risks. On this basis a high operative mortality is to be 
expected. However, if the “purse-string” operation corrects mitral regurgita¬ 
tion then one would expect good results in the survivors. There is ample evi¬ 
dence that the mechanical defect of mitral insufficiency is corrected by this 
procedure in the vast majority of the cases. Indeed, patients in less advanced 
stages of the disease obtain highly satisfactory results. It is, however, the fate 
of the severelj’' ill patients in whom correction is attained and who survive 
surgery that is most disconcerting. 

It appears that the outcome, in eases like these, may be determined by one 
of two circumstances: either surgical trauma to the heart cannot be tolerated, 
or the dynamic changes due to the correction of the regurgitant lesion are such 
that the gravely damaged heart cannot adjust to them. 

In a small number of patients, operative damage to cardiac structures has 
become evident. Instances of this have been mentioned in which conduction 
disturbances are demonstrable. The changes are transient, disappearing in a 
short period of time. Frequently, as in other t 3 qres of cardiac surgery, elec¬ 
trocardiographic changes compatible with digitalis intoxication, traumatic or 
rheumatic pericarditis, or mj'ocardial ischemia of minor degrees have been 
observed. These also are transient changes and serial tracings consistentlj’^ show 
reversion to the preoperative state. The irossibility of even slight degrees of 
myocardial ischemia cannot be disregarded, however, and efforts are made to 
avoid this if such is due to surgical injury. Be that as it may, the operative 
survival of 29 of 43 patients representing grave surgical risks at the outset avouM 


•Althouffli such a comparison based on the cardiothoracic measurement is subject to 
fnitnrips of this ratio wlien it invoives different cases, it seems less objectionable when 
it is used to compare individual changes, particularly when the films are made by the same 
technique in the same institution. 
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suggest that surgical trauma, well tolerated by the long-term survivors, is of 
less importance than the physiologic derangement -which leads to late death 
in the most advanced cases. 

The dynamics of mitral insufficiency arc such that the major cardiac com¬ 
pensatory mechanism must he ventricular dilatation. Increased ventricular 
volume to accommodate forward stroke volume, regurgitant stroke volume, and 
residual volume implies extreme degrees of myocardial fiber lengthening. Evi¬ 
dence from animal and in vitro experiments and from clinical measurements 
indicates that these volumes are considerably larger than lias heretofore been 
thought. It seems likely that in cases, such as some of those here presented, 
myocardial fiber length has exceeded elastic tolerance and recovery of contrae- 
tility is not possible. This phenomenon might bo compared to the fatigue sus¬ 
tained by inert materials when their tensile or elastic limits are overreached. 

In the heart with mitral insufficiency in which the limit of myocardial ten¬ 
sion or stretch has not yet been reached, correction of the regurgitant defect 
results in the following changes: immediate increase in cardiac output, rise in 
ventricular and aortic mean and systolic pressures, reduction in left venti'icular 
and atrial size (thus, decrease in residual volume), decreased left atrial pressure, 
and decreased left ventricular initial tension (end-diastolic pressure). The dura¬ 
tion of "isometrio” or “pre-ejection” phase as well as in that of maximal 
ejection is observed to increase both in experimental animals and in patients. 
Heart rate is reduced. All of these changes indicate improved myocardial 
function. It appears likely that correction of regurgitation results in an in¬ 
crease of effective cardiac work. If this is true, there is also an increase in 
effleiency of muscular contraction because of shortening of fiber length. 

In the far-advanced stages, however, loss of myocardial contractility by, 
literally, “overstretching” makes impo.ssihle x-eduction in fiber length. Cor¬ 
rection of the regui’gitant defect inci'cases fonvard flow and decreases regurgi¬ 
tant flow but may leave residual vohune unchanged or even increased. All 
changes indicative of increased forward flow and reduced rogurgitatioix occur 
as in the previous group. However, in many of these cases, initial ventricular 
teasion is increased and maximum ventricular systolic pressure may be decreased, 
even though there is demonstrated a rise in ventriculo-atrial systolic gradient. 
These changes again imply increased work of the heart, however, contrai'y to the 
favorable reduction in muscle fiber length which occurs in the previous gi’oup, 
in these, reduction of ventricular volume (shortening of fiber) fails to occur. 
Myocardial efficiency then must not improve and, indeed, may deteriorate. 

If this hypothesis proves to he correct it poses the problem of either finding 
ways by which myocardial contractility may be enhanced or of perfecting our 
ability to select surgical candidates, eliminating those in whom the elastic re¬ 
serve of the myocarduxm. is exhausted. 

Ohservations that ligation of the vena cava below the i-enal veins in dogs'- * 
protects them in the acute phase of experimentallj- produced mitral i-egurgi- 
tation have led to application of this procedure in 5 severely ill patients. Pour 
of these were cases of intraetable mitral insufficiency. The other was a case 
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of inteTalrial septal defect with riglit-to-left shunt. All have shown some degree 
of early improvement. One of the patients with insufficiency had corrective 
surgery 6 weeks after vein ligation and has progressed satisfactorily. Fig. 13 
illustrates the change in heart size seen in one such ijaticnt. The rapid re¬ 
establishment of venous collateral circulation appears at this preliminary stage 
to render this procedure of little palliative value. However, if reduction in 
heart size is attained in such advanced cases, this might indicate a residual 
capacity of the myocardium to recover eontractilitjA Inferior cava ligation, then, 
may be one means of preparing the “intractable” patient for corrective surgery, 
or it may aid in selecting those patients Avho may Imnefit from corrective surgery. 
It is too early to make any definitive conclusions in this regard. 



1/29/57 2/25/57 3/12/57 


VENA CAVA LIGATION 2/19/57 

Fig. 13.—Change in heart size following vena cava ligation in a patient of the medically 

intractable group. 

It is apparent that none of the methods used suffice to evaluate the anatomic 
state of the valve or the functional reserve of the myocardium in mitral insuf- 
ficienc.y. Knowledge of both is mandatory if we are to avoid subjecting many 
patients to fruitless surgery. Fortunately, in pure or predominating mitral 
insuffieienej^, the valve is infrequently beyond restoration to adequate function. 
In this form of regurgitation, however, the muscle is very often irreparably 
damaged. This represents the greatest problem in the selection of the surgical 
candidate. Expert interpretation of the ballistocardiogram might offer some 
useful information. Further experience ivith the electrocardiographic inter¬ 
pretation of ventricular overloading might similarly be of value. These two 
techniques have not been adequately investigated with this purpose. 

Many Avorkers, ourselves among them, have been engaged in efforts to find 
a reliable means of quantitating regurgitant volume m the hope that this will 
prove a useful “yardstick.” Our experience Avith various methods has been 
disappointing. Direct measurement of regurgitant Aoav in animals is im¬ 
practical and unreliable. Direct measurement in vitro, using autopsy hearts 
on the pulse-duplicator, has yielded figures for regurgitant floAV of some tAA'o 
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to folU’ times foiward flow.'- This, however, has only indirect application to 
clinical practice. Since, in patients, direct measurement is liighly impractical 
and dangerous, indicator dilution studies are currently the most promising 
means of obtaining such data. Preliminary work in this regard has produced 
some interesting but inconclusive results.'® An example of such a study is 
illustrated in Fig. 14. However, the problem of fractionating the measurement 
of central dilution to separate quantitatively not only forward flow from central 
volume but also left ventricular and atrial residual volumes from regurgitant 
flow remains to be solved. This is of particular importance when cardiac size 
influences dilution to the degrees that it docs in serious mitral insufficiency. 
For this reason, at the present time, serial injections of Evans blue dye into 
the ascending aorta, the left ventricle, and the left atrium afford only partial 
information.'® 



Fig:, 14—Indicator dilution cur\e’« of serial Injections before and after correction of 
regurgitation Although after correction of the lesion, cardiac output, calculated from curves 
of the aortic injection, is more than tripled, the change In the cur%e3 of ventricular and 
atrial Injection can only be evaluated In terms of total central \olume ivitliout specific frac¬ 
tionation Into residual and regurgitant volumes. In this instance, regurgitation was markedly 
diminished but not abolished, change In ventricular size was also clearly seen. 


The inconsistency of the usual objective data has been such that selection 
of patients for surgery remains difficult and uncertain. It is now known that 
in certain patients mtli extremely high pulnionaiy artery pressure, enormous 
hearts, and markedly elevated left ventricular end-diastolic pressuie, corrective 
surgery alone, no matter hou’ effective mechanically, is contraindicated. Tliere 
is, however, much overlap in these findings among patients who have obtained 
the greatest or the least benefit Other data such as ventricular strain patterns 
on electrocardiography, pulmonary rvedge or left atrial, and left ventricular 
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pressure pulses is ibseful onlj'- in making the qualitative diagnosis of mitral 
insufficiency which, in almost every instance in this series, was clinicallj’’ obvious 
initially. 

The clinical history is of little, if some, help in arriving at a surgical deci¬ 
sion. Patients with the longest history of progressive incapacity generally rep¬ 
resent the greatest risks. However, a few individuals with eardiomegaly of 
neither extreme but with histories of more than 10 or 15 years of symptoms do 
well. Others with enormous hearts but only recent onset of severe incapacity 
also do well. Tire response to medical management exhibited bj^ most of these 
patients has been uniformly unsatisfactory in tlie intractable group and devoid 
of significant features in the other group. 

The lessons learned at operation have been of the greatest value. It is now 
quite apparent upon examining some hearts that tolerance to surgical manip¬ 
ulation is out of the question. Others impress one with almost complete cer¬ 
tainty of success. Recent experiences have borne out these impressions. The 
over-all size of the heart is of relativelj'- little importance except when there 
is obvious left ventricular dilatation. This is frequently accentuated on open¬ 
ing the pericardium. The appearance of such hearts suggests the shape of 
a Rugby ball. In these, the muscle is thin and tense, pale or mottled. It is ap¬ 
parent to the eye and hand that contraction is weakened and of short stroke. 
Rhytlun is unstable. Slight superficial stimuli and manipulation induce runs 
of bigeminal pulse, idioventricular beats, or even ventricular flutter or fibrilla¬ 
tion. The patients ’ circulatory balance is i^recarious under anesthesia and sup¬ 
portive measures are almost routinely necessary. 

In patients that do well, the heart has the contour of an acorn. The left 
atrium may be enormous but the ventricle is relatively small, pink, contracts 
strongly, and can be seen to “shrink” in systole. 

It is unfortunate that, up to the present time, the final decision of whether 
or not corrective surgery for mitral insufficiency is compatible with recovery 
and benefit has necessitated thoracotomy in patients who fall in the mid-zones 
of objective preopei-ative evaluation. It is obvious that regardless of other 
circumstances and of the surgical methods used, if valvular tissues have under¬ 
gone severe destruction, restoration of existing valve elments to function is 
impossible. On the other hand, with a myocai’dium which has not been damaged 
beyond its tolerance, if leaflet structure is available, retains adequate area and 
flexibility, and can be mobilized, there is no doubt that reduction of the size 
of the annulus restores, according to the individual circumstances, the maximum 
possible degree of valvular competence and reverses the insidious dynamic proc¬ 
ess of mitral regurgitation. 

SUMMARY 

Circumferential suture of the mitral valve lias been used to correct mitral 
insufficiency in 43 of 49 patients in far-advanced stages of the disease. 

A summary of objective and clinical findings preoperatively, at surgeiy, 
postoperatively, and of the results obtained is presented. 
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An attempt is made to eonelate objective data available ivitli the lesiilts 
of suigical management 
It IS concluded that 

Puie 01 piedominant initial insufficiency can be collected mechanioallj' 
piovided valvulai area, mobility, and flexibility aie retained 

Despite satisfaetoiy collection of the rcguigitant lesion, lasting benefit 
cannot be expected in eases wheie myocardial contiactility is dcstiojed by com 
pensatoiy overdilatation 

When valvulai damage is excessive and myocaidial exhaustion has supei 
veiled, suigieal inteiventioii, legardless of the method used, can be of no laliio 
If suigieal treatment is to be successful in the advanced stages of the dis 
ease, means must be sought to impiove myocardial function Vena caia liga 
tion may be of some value in tins legard 

Propel selection of cases should make possible the reduction of opeiative 
moitality, the elimination of late deaths, and should lead to the attainment of 
consistent and highly satisfactoiv lesults 

Gurient methods of prcopeiative study, both clmieal and objective, aie 
inadequate to evaluate the state of the mjocardium 

The sire of the lieait bj x lay examination, the dcgiee of pulmonary hypoi 
tension, and the left vcntiicular end diastolic prcssuie aie the only paiameteis 
which eonelate in any manner with the lesults of surgciy 

The clinical and operative findings, paiticularli the lattoi, aie ciuiently 
oui most useful guide to prognosis 
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Discussion 

(PAI'EIIS liY TAYX.OK [I’AGE 192], DAVILA [I’AGK 200] ANIJ THEIR ASSOCIATES) 

Dll. BENSON B. HOE, San Eranciseo, Calif.—Dr. Taylor and tlio group at tlie Peter 
Bent Brigham Hospital, as well as Dr. Eillchei, Dr. Swan, and many others, are certainly 
to be congratulated on iho oxcellont result.s in their carefully selected easc.s with these 
ingenious methods and on taking advantage of oiien heart techniques for the aiiproach to 
the aortic valve in correction of regurgitation. J believe, however, that everyone will 
agree that the extensive disease that takes place in many of these valves destroys the 
function of the valve which, in. many instances, xvill never respond to reconstructive tech¬ 
niques and can be corrected only by the insertion of a suitable prosthesis. This challenging 
problem has been of interest to me for several years and, after many changes of design 
and many details of construction which time does not permit discussing, I would like to 
Xiresent to you our presently used valve. 

This is a prosthetic valve made of a silicone pure material which is flexible. It is 
made cylindrical in shape, is introduced through a distal aortotomy, and its long axial 
length maintains its position as it is pushed over the aortic arch to be sutured in place 
in the ascending aorta. The ring which you see is folded in place and springs back into 
shape as it reaches the part of the aorta in which it will fit. Tliis is the cut-oil' valve to 
show how it can be used in the various direct techniques. 

Another design of the valve can be used for subcoronary placement. This merely 
shows that the valve is competent with only a small amount of leakage, and in the next 
strip of film you will see that it does leak a small amount of water at high pressure, but 
what you see at the top is mercury, not water; 300 cm. of water does not blow it out. 

This is a film showing the valve with an artificial pumping mechanism to demon¬ 
strate that the cusps work. You notice that the upper commissure, for wliich I must apolo¬ 
gize, was not properly prepared and therefore the t%vo upper cusps do not retract properly. 
This valve was originally reported to be used in polyvinyl material which eventually lost 
its elasticity, which this material apparently will not do. 

DB. F. HENRY ELLIS, JR., Rochester, Minn.—The concept of ciroumforential suture 
of the mitral valve ring is an inviting one. Several years ago, when Dr. Davila and Dr. 
Glover first presented this method before this Association, it appealed to mo as being as 
logical and as promising a method for correction of mitral insufficiency as had yet been 
suggested. Because their experimental work was done primarily on dogs with acute mitral 
insufficiency, it seemed wise to us to try to test the method in dogs with chronic mitral 
insufficiency, a condition more comparable to that seen in man. 

Dr. Keykendall, working with dogs in our laboratories, has boon able to produce 
mitral insufficiency which closely resembles that seen in the human being; in other words, 
dilatation of the mitral ring developed in those dogs, and an enlarged left atrium, and 
oxereise tolerance and so on, wore noted. A group of these dogs underwent correction of 
the mitral insufficiency, and one of the methods used was circumferential suture of the 
mitral valve ring. It was possible, in C of these animals, to abolish completely the mitral 
insufficiency as determined by disappearance of the regurgitant jet at the time of operation. 
However, in 5 of 6 animals so treated, within 2 to 6 months after operation, there was a 
recurrence of mitral insufficiency as evidenced by return of the murmur and the presence 
of a regurgitant jet at the time of re-exploration. 

In no case had the suture cut through into the atrium. However, it had loosened, 
as it migrated centrally in the tissues of the heart, to lie subendocardially. This e.xperi- 
onco has discouraged us from applying this method in human beings. 

I should like to ask Dr. Davila two questions: Has ho used this method in dogs 
with chronic mitral insufficiency? How often has he soon evidence of the recurrence of 
mitral insufficiency in patients surviving operation for any length of time? 
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DB CHAELESP BAILEY, Philadelphia, Pa—[Tlic corrected discussion bj Dr Bailey 
Ins not been returned bj the discusser—E ditor] 

DR WARREN T TAYLOR, Boston, Mass (Closing) —wish to thank the discussers 
for their comments 

Wo too ln\e been, concerned, as have Dr Roe and Ins associates, with the limitations 
imposed bj the nature of the pathologic \ahes themselves The ideal treatment is re 
placement of the diseased aortic valve bj a prosthesis, positioned proximal to the coronarv 
arteries 

Dr Bailej’s comments arc pertinent At one time he made the observation that the 
base of the aorta spreads and does not taper Hence, a suture placed about such a cone 
might tend to "ride up” and threaten the coronary vessels We have tried to stress the 
importance of carrying the dissection proximal to the coronarj ostia and below the widest 
gn th of the sinuses of Valsalva In our experience, the l)a'!o of the aorta has always tapered 
below this point A suture placed at this level mil "nde donn” auaj from the coronary 
arteries 

We hope that a second point of difference is appreciated The circuraeludmg ‘tuture is 
placed only about the base of the aota Widespread tissue compression, as occurs uith the 
“3ash Operation,” is therefore avoided 

DR JULIO C DAVILA, Philadelphia, Pa (Closing)—V itli regard to Dr Ellis* 
question, I would like to say that wg do have evidence tint patients who have had marked 
correction of their mechanical valvular defect, oven to the abolition of the thrill and 
murmur, mtlnn a matter of a few weeks do show recurrences of the murmur This is, 
however, of a mild degree as compared to the preoperativ e state V c have one patient in 
whom left atrial pressure is higher several months following correction We do not know 
whether this means there is more regurgitation She is doing verj well 

It IS extremelj important to understand that when the suture is placed it must lie 
adjacent to the annulus (slide) This is a section of the mitral ring showing the lateral 
nijocardium, the atnal wall, the base of the valve, the penannular fat pad, the circumflex 
coronarj artery and tho cardiac veins This is the fat pad of tho atrioventricular group 
The suture is not placed in the myocardium It is placed beneath the epicardium in tJie 
fat pad When tying the suture it slides over tho hump of ventricular mjoeardium and 
finds its place in clo'se relationship to the ring If on tving tho suture, it does not come 
to this position, it will graduallj find its way there and therefore will result in some 
degree of loosening Evidence collected from a few other patients who have been catheter 
ized, some after long periods of time following the procedure, show that despite tlie fact 
that thej maj have a persisting murmur, their increased cardiac output and their improve 
ment in hemodjnamic measurement indicate significant improvement m the regurgitation 
With regard to the statement about whether or not the principle of annular reduction 
IS going to bo an adequate solution to this problem, this remains to bo seen Open heart 
surgerj raaj give us, perhaps, a better waj to operate on these cases It seems, ns I said 
before, that on the basis, not of theory but of repeated demonstration anatomically and 
physiologically, experimentally and clinically, that this principle is applicable until the 
time when we can replace the valve, becau'JC it does afford the maximum use of what 
natural valvular elements are available and it does not injure essential valvular structure 
It also causes a relaxation of leaflets, allowing better motion 

Auy technique which reduces the annulus, whether partially or completely, will 
restore valvular competence to a degree commensurate with the amount of valvular occlud 
ing elements available and with the extent to winch these elements are mobilized and 
spared surgical injurv Any injury to these valvular structures, on the other hand, will 
result in unpredictable degrees of distortion and mechanical dvsfunction 
I would like to tliank tho discussers for their comments 



CORONARY HEART DISEASE 

I. Hemodynamic Pkincipees and Their Therapeutic Ai^plications 

B, L. Bropman, 3\I.D. (by invitation), and Cuaude S. Beck, M.D. 

CuESTiLAND, OhIO 

D espite the most optimistic wishful thinking to tlie conti’ary, coronary 
heart disease continues to be responsible for at least one third of all deaths 
in. the United States,^ and maj^ actually be showing a real (rather than merely 
apparent) increase. The enormous destruction of economic productivity defies 
statistical analysis. Consequently, with the development of improved methods, 
there has been a justifiable renewal of interest in the surgical treatment of 
coronary heart disease. However, lest such efforts be ill advised, particularly 
in view of the indiscriminate application of such terms as “direct” and “in¬ 
direct” surgical operation, it would now appear appropriate to attempt to 
establish a critical definition of the problem and to present a reappraisal of 
certain fundamental (and often disregarded) principles which determine 
coronary blood flow to the myocardium. 

Although many of the observations and concepts herein presented may appear 
de novo and perhaps controversial (and are indeed so presented as to stimulate 
further critical reappraisal), it is pointed out tliai tliis presentation is based upon 
a remarkable experience which encompasses many thousands of laboratory 
experiments on the coronary circulation, hydraulic model experiments, 
operations on the heart in more than 300 patients with coronary 
heart disease, and at least 1,000 other heart operations for various noncoronary 
conditions. Of profound importance is a unique experience not heretofore 
available, in patients with coronary heart disease, for direct observations on 
such hearts. These observations included direct electrocardiographic recording 
fi’om various cpicai’dial, intramyocai’dial, and endoeai’dial areas, and extensive 
hemodynamic studies, including mea.suremonts of coronary blood flow, and myo¬ 
cardial utilization of oxygen and various substrates. Thus, we have availed 
ourselves of a remarkable opportunity for a direct correlation of clinical, 
experimental, surgical, and pathologic observations. 

Certain clinical phenomena a.ssociated with a priori reasoning were subjected 
to laboratory experimentation and, when not substantiated, were then rejected. 
Of greater importance, clinical observations confirmed by laborator}" studies 
have resulted in the establishment of neiv concepts which provide a more 

From the Department of Cardiovascular Keseareh (Ilextcr Laboratory),’ Mount Sinai 
Hospital of Cleveland, and the I..aboratory of Dr. Claude S. Dock, We.stern Keserve Uni¬ 
versity, School of Medicine, Cleveland, Ohio. 

This work was in part supported bj' re.seai-ch grants from the United States Public 
Health Service and the Cleveland Area Heart .Society. 

Read at the Thirty-seventh Annual Meeting of The American Association for Thoracic 
Surgery at Chicago, III., May 4-7, 1957. 

•Latest available statistics from the National Office of Vital Statistics. 
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(Poiseuille’s law); however, with respect to pulsatile flow in the arteries, these 
principles should only be applied in rough estimation of these interrelations.-*'^ 
In the coronary circulation this application is further modified by the influence 
of extravaseular compression. However, for purposes of this presentation, 
certain generalizations may be dei'ived: 

1. Blood flow is proportional to the pressure gradient in a system. Actually, 
as will be pointed out later, tliis relationship applies ojily within certain limits. 

2. Flow is also proportional to the square of the cross-sectional area of the 
vessel, or to the diameter to the fourth power; at critical levels, relatively 
small changes in the diameter of a vessel may result in profound alterations in 
blood flow. In hydraulic model experiments, designed to simulate certain 
aspects of the coronaiy arterial circulation and using whole blood at body tem¬ 
perature (with no “peripheral resistance”), one-inch segments of hypodermic 
needles were inserted at the end of the system to produce various degrees of 
'' coronary artery stenosis. ’ ’ Blood flow was measured with simulated ‘ ‘ nox’mal ’ ’ 
pressure gradients. Average measurements of blood flow are given in Table I 
merely to indicate semiquantitatively these flow-pressure relationships. 


Table I. Estimated Blood Plo-^v Through Simulated “Coronary Artery” Narrowing 


NEEDLE ! 

1 INTERNAL DIAMETER 

1 (MM.) 

BLOOD 

FLOW (VALUES IN DOGS) 

No. 22 

0.72 

4 c.c./min. 

(normal backflow) 

No. 20 

0.90 

8.5 c.c./min. 

(backflow after Beck I operation) 

No. 18 

1.2 

34 

(circumflex inflow) 

No. 15 

1.5 

100 

(total coronary inflow) 


3. Blood flow is inversely proportional to the viscosity. Blood with a 
normal hematocrit has approximately five times tlie viscous resistance to flow 
as does water.® An increase in hematocrit from 50 per cent to 60 per cent 
(such as may be associated with polycythemia, dehydration, cold, and emotional 
states) significantly increases relative viscosity (from 4.5 to 6.5).® In a criti¬ 
cally compensated coronary circulation, such an increase in resistance to flow 
may be disastrous. 

MEASUREMENTS OP THE CORONARY CIRCULATION 

Direct measurement of coronary arterial flow can be carried out in open- 
chest dogs by means of a rotameteF® and in closed-chest dogs by means of the 
nitrous oxide method with coronary sinus catheterization.^^’’^'^ Although direct 
measurement of flow in man is ob-viously impractical, the nitrous oxide method 
■with coronary sinus catheterization has provided generally reliable data, although 
certain considerations, especially in patients with coronary heart disease, may 
introduce significant errors.^’ In patients undergoing heart surgery, simul¬ 
taneous sampling from the coronary sinus, pulmonary artery (mixed venous 
blood), and systemic artery has pro-vided an opportunity to determine oxygen 
(and other substrate) extraction by the heart, and an index of the adequacy of 
coronary arterial flow.®® 
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In the laboratory,-* the Mautz-Gregg baelcllow method, which measures the 
retrograde flow from the distal segment of an occluded coronary artery, is 
considered to provide a true measure of interarterial anastomotic function. These 
retrograde flows are a measure of the collateral bed and seiwe as a most valuable 
method for the evaluation of the efficacy of various methods designed to 
impi'ove collateral circulation. For instance, in a series of 65 control dogs, the 
average backflow was found to be 3.8 c.c. per minute. In a series of 41 dogs 
previously operated (Beck I), the average baeltflow was found to be 8.5 c.e. per 
minute. 

In dogs, the heart weight is estimated to be 0.9 per cent of body weight; 
so that, in a 15 Kg. dog, the heart weight worfld be appro.ximately 135 Gm. 
Coronary arterial flow, which is approximately 5 per cent of the eardiae output, 
averages 70 c.e. per 100 Gm. of heart weight per minute.** Thus, in the 15 Kg. 
dog, total coronary flow is approximately 100 c.c. per mimite. Since the circum¬ 
flex artery area normallj' would I’eeeive approximately 34 c.c. per minute, the 
avei'age bacMow of approximately 4 e.e. per minute, is 11 per cent of normal 
inflow into this area. The average backflow of 8.5 e.e. per minute provided by 
operation is approximately 25 per cent of the normal inflow. 

In man, average coronary inflow at rest is approximately 80 c.c. per 100 
Gm. left ventricle per minute (approximately 5 per cent of the cardiac output), 
average oxygen consumption is 9.4 c.c. per 100 Gm. per minute, and the average 
oxygen extraction is 12 volumes per 100 c.c. of blood flow.’*-** In an average 
man, with a cardiac output of 5 L. per minute and a heart weight of 300 Gm., 
total coronary flow would be approximjitely 250 c.e. per minute. For purposes 
of tliis presentation, let us consider a potentially ischemic circumflex coronary 
arterial bed with a normal resting flow of 100 c.c. per minute. In this con¬ 
sideration it should be stressed that, generally speaking, the clinical manifesta¬ 
tions of coronary heart disease do not result so much from a uniform total 
reduction in coi-onary flow as from differences in oxygenation in contiguous 
areas.” As 'vvill be amply demonstrated subsequently, there is no obligate 
relationship between the clinical status of the patient and the total coronary 
inflow at rest. With a normal total inflow, incapacity and death may occur; on 
the other hand, in a patient with significant reduction in total inflow, .symptoms 
may be slight or absent. 

GBiU’HIC BEPBESENTATION OP THE COBON.VBT CIBOTJLATION 

The illustrations herein presented are in the form of stylized graphs, 
designed to demonstrate flow-pressure relationslups in the coronary circulation, 
with special reference to significant pathophysiologic influences. It should be 
emphasized that these graphs are obviouslj' oversimplified and are, at best, only 
semiquantitative. Little consideration has been given to such admittedly sig¬ 
nificant factors as e.xtravascular compre-ssion of the coronaiy vessels associated 
with systolic contraction of the heart.”’ ” In the follo\ving part of this presenta¬ 
tion, the section number corre-sponds to the similiarly numbered figure. The 
detailed description associated udth each figure is given in the text. 
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1. Normal—At Rest .—The coronary circulation may be characterized as a 
high-resistance circuit,in wliich, merely by an appropriate reduction in vascular 
resistance, large increases in blood flow to the myocardium are achieved. In a 
sense, the major eoronar 3 " arteries serve as relatively passive, wide-bore tubes 
with a cross-sectional area normallj’' capable of accommodating tremendous in¬ 
creases in blood flow (five to ten times control levels) without significant in¬ 
creases in perfusion (aortic) pressure.-^ For the most part, the sum total of 
peripheral resistance is normallj^ determined at the level of the arterioles and 
small terminal arteries-^- as mediated by metabolic, hormonal, and nervous 
influences, changes in the smooth muscle of these vessels regulate the bore of the 
coronary bed. 



Fig, 1.—Normal—at rest. Stylized graph demonstrating flow-pressure relationsliips in 
a coronary bed. Detailed description in text. This and succeeding figures follow the same 
general motif. The pressure head (in mm. Hg) in each component part of the circulation 
is represented by the hea\’y' 'line. In the interest of simplicity, the capillary pressure is as¬ 
sumed to average 20 mm. Hg.=‘ 

In Fig. 1, mean aortic perfusion pressure is shonm on the graph to be 100 
mm. Hg (first column). Perfusion of normal coronary arteries is accomplished 
vdthout loss of pressure head (second colunm); the cross-sectional area of the 
major coronary arteries is not a determinant of flow at this level. It is primarily 
at the arteriolar and tenninal arterial level (third column) that coronary blood 
flow is normally determined. Regulation of flow through the relatively passive 
capillaiy bed obtains in the form of an abrupt reduction of the pressure head 
at the preeapiUary level. A comparatively small pressure gradient across the 
capillary bed (fourth column) provides normal flow (fiftli column). 

2. Normal—Increased Flow. —Normallj’-, at rest, myocardial ox.ygen extrac¬ 
tion is so high that increased ox.vgen consumption by the heart, as during exer¬ 
cise, is achieved primarily by increased flow.=® This is readily accomplished 
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by a decrease in arteriolar resistance so that the pressure Iiead arrives at the 
capillary bed at a higher level. A twofold increase in the arteriolar bed results 
iu a fourfold increase hr flow with rro significant alteration in perfrrsion pressure 
or in major coronary artery cross-sectional area. At extremes of pfij-sical 
exercise or when occlusive disease interfcr-cs rrith coronary flow, an increase 
in oxygen extraction provides an important compensatory mechanism.”' (Pig. 2.) 

3. Severe Coronary Stenosis. —^With progressive reduetion of the lumen of 
a major coronary artery, coronary flow at re.st is not compromised until the 
cro&s-seetional area approaches approximately 10 per cent of normal. At this 
level, the artery bore also becomes a determinant of coronary flow and reduces 
the pressure head arriving at the arteriolar bed so that, unless there is a 
reduction in arteriolar re.slstance, a deficit in coronary flow results, even at rest. 



During exercise, in which increased flow is needed, an even greater deficit occur's. 
In cardiac hypertrophy wherein coronary flow irer 100 Gm. of heart muscle is 
normal,” total coronary flow at rest is increased. A reduction in cross-sectional 
area, which would still allow adequate flow in the normal, causes a deficit in 
flow in the presence of hj-pertrophy. (Fig. 3.) 

4. Severe Coronary Stenosis—Compensatory Dilatation. —this critical 
level, the cross-sectional area of the major coronary artery and the arteriolar 
bed are both determinants of coronary flow; compensatory arteriolar dilatation 
is still effective in restoring flow to normal at vest (although coronary reserve is 
obviously reduced). The distribution of coronary blood flow is determined by 
local resistance. Hjyioxia is a powerful eoronaiy vasodilator”'®”; as a given area 
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becomes ischemic, its resistance falls, thus encouraging preferential flow to that 
area. Parentlietieally, tiiis reduction in resistance, which is a relative incx’ease 
in pressure gradients from adjacent beds, also encourages intercoronary collateral 
blood flow from these regions. (Fig. 4.) 

5. Severe Coronary Stenosis — Exercise .—Even at this critical level, total 
coronary flow can still be raised above 100 per cent of normal by maximal 
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arteriolar dilatation. Nitroglycerin (as is tiic case with other true coronary 
vasodilators) can be shown to exert its effect at the arteriolar level; presumably, 
its clinical benefit depends uiion potentiation of the vasodilatation produced by 
local ischemia. 

Ilowever, at those levels of flow in which the arterial stenosis becomes the 
sole determinant of coronary flow, no further inerease in flow is possible despite 
a maximal reduction in resistanee. (Pig. 5.) 



Fiff 5—Severe coronary stenosis—exercise (400 per cent required). 

6. Very Severe Stenosis—Maximum Arteriolar Dilatation. —AVith a slight 
further reduction in lumen (down to approximately 5 per cent of its cross- 
sectional area), the major artery now becomes the sole determinant of coronary 
flow so that, despite maximum arteriolar dilatation, a deficit occurs. Clinically, 
this marks the onset of (1) status anginosus, (2) sudden death associated with 
o.xygen differentials between the ischemic area and adjacent well-oxygenated 
areas,and (3) acute myocardial infarction, even without complete artery 
occlusion. (Pig. 6.) 

7. Very Severe Stenosis—Small Intercoronary. —AVith reduction of cross- 
sectional area below a critical level (even though complete occlusion has not 
yet occurred), catastrophe is imminent unless adequate development of functional 
collaterals has preceded the occlusive process. If this has occurred, a potential 
deficit to a given area may be averted. AA'ith an adequate pressure gradient, a 
group of “small" collateral vessels (however produced) may provide a com¬ 
paratively abundant blood supply to a potentially ischemic area. Por instance, 
given a large collateral vessel, or a group of ve.ssels, with an aggregate diameter 
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of 2 mm. and a pressure gradient from tlie donor" artery to the “recipient” 
capillary bed of 80 mm. Hg (100 versus 20 mm. Hg), a blood flow of 50 to 100 
c.c. per minute may be achieved, Avhieh may well approach the previous normal 
resting inflow to that area. (Fig. 7.) 

8. Severe Coronary Stenosis — Hypertension .—^In a fundamental sense, the 
primarj’- determinant of eoronaiy blood flow is the perfusion pressure existing 



pig-_ 0,—Very severe stenosis—maxinium arteriolar dilatation. 
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at the coronary ostia and, more important, the pressure gradient which ultimately 
drives tlie blood across the capillary bed. Hypertension, per se, increases the 
work of the heart and, particularlj' when cardiac hypertrophy has occurred, 
myocardial oxygen utilization and coronary blood flow requirements may be 
many times the normal.'^ Myocardial ischemia may then result from a degree 
of coronary stenosis which normally would have permitted adequate flow. 

\Vlien there is severe coronary artery stenosis, an all-or-none relationship 
may obtain ; with normal aortic perfusion pressure, there is no blood flow to a 
given area, whereas when hypertensive levels are reached, only then, is there 
achievement of significant blood flow. Regardless of the increased heart work, 
attainment of an adequate pressure head becomes the most overriding considera¬ 
tion. 



Fig. S.-~Severe coronary stenosis—hypertension. 

Pig. 8 is somewhat idealized to emphasize the hemodynamic benefits of 
increased perfusion pressure. Obviously, the increase in heart work necessary 
to raise aortic pressure also increases the metabolic needs of tlie heart. However, 
in a critically compensated .system, the increased flow and increased oxygen 
extraction provided results in an over-all salutovy effect. 

9. Severe Coronary Stenosis — Hypotension. —Conversely, when reduced 
helow a critical level, perfusion pre-ssure becomes inadequate to overcome 
viscous resistance to flow and a deleterious relationsliip is established. Coi'onary 
stenosis maj' pi'odnce such a di.sadvanfagcous situation at otherwise insignificant 
z’eductions in pressure. 

Although there is some degree of obligate relationsliip between blood flow 
and tlie pressure gradient, under certain conditions simple hydraulic flow- 
pressure correlations do not obtain. For instance, for a given pressure gradient. 
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the variability of vascular distensibility at different perfusion levels may 
significantly alter blood fiow.^^ Normally, \dseous resistance is such*^ that the 
initiation of flow through small vessels requires a pressure gradient of at least 
10 mm. Hg (yield pressure). Even in the absence of significant coronary 
disease, interaction of various factors may increase viscous resistance to flow 
to such a degree that a given area of myocardium may be rendered ischemic. 

(Pig. 9.) 



Pig. 9.—Severe coronar,v stenosis—iiypotension. 

Clinically, an apparently paradoxical response to antihypertensive therapy 
has been observed quite frequently.®-’ ®® Instead of the anticipated alleviation 
of sjnnptoms, in patients with hypertension, reduction of blood pressure to 
“normal” has precipitated sjTnptoms of coronary insufficiency in many patients, 
with occasional catastrophic consequences. Obviously, in patients with sig¬ 
nificant eoronarj’- arteiy disease, loss of perfusion pressure in a critically 
compensated coronary circulation is disadvantageous, even though heart work 
is decreased. Thus, the medical reduction of aortic pressure is not necessarily 
desirable. 

As previously mentioned, although the deleterious consequences of severe 
hypotension associated with acute myocardial infarction have long been recog¬ 
nized, the benefit of pressor drugs iiiay still be considered questionable. In 
producing peripheral vasoconstriction, associated vdth a relative reduction in 
coronary resistance,®^ improved perfiTsion of patent coronary vessels is achieved; 
previously inadequate vessels may now maintain viability of peripheral regions 
of the infarcted area in anticipation of the eventual restoration of contractility. 

Worthy of consideration as an extreme but not altogether fantastic exten¬ 
sion of tliese considerations, in acute myocardial infarction, elevation of blood 
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piessuie to h}’peltensl^e lc\els maj actnallv he of \aliie in icdncmg the degiec 
of muscle damage 

VASCUbUl nrVCTIMTY 

The coionaiy ^ascula^ hed exhihits a icmaikahle degiee of ieacti\atj' ni 
lesponse to vaiious stimulants’ HypoMa oi, moie speoificalh, mjocaidial 
ischemia is considered to he the piimaij phjsiologic legiilatoi ot such le- 
aotivitj'"' Even m the piesence of se\cie coionary aiteiy seleiosis, such 

leacUvity is still a majoi deteimiiiant of coionaiy hlood flow 

Many patients with coionaiy lieait disease gi\e a most impiessiie demon 
stration of the leaetivity of this laseulai hed Soon aftei aiising in the moiniiig, 
eien slight effoi t results m anginal pain, and necessitates the use of nitiogljceiin 
As the dai piogiesses, howevei, with an actual inciCAse iii economically pio 
ductile activity, theic is a ical ieduction in pain so that hj eiening, unless a 
laige meal is consumed to put an c vtia load on tlie ciiciilation, theie is less oi no 
diseomfoit associated with a gicatci degiec of actnitj than that which piodiiced 
seieie distiess earlici A similai phenomciioii is fiequeiitly lepoitcd fiom the 
golf eouise At the stait, foi the fiist few holes, the patient suffcis fieqiient 
angina hut, ns the game progiesses, a “second wuid” effect supcivencs, and the 
lattoi pait of the game is plajed With little oi no sjnnptoms This “second 
wind” phenomenon is related to adaptation and piogiessne \asodilatation distal 
to a stenotic aiea and lepiescnts a significant ohseiiation of profound piactical 
impoitance 

In lesponse to laiious hemodjTianiic and phaimacologic influences, coionaiy 
vasodilatation is quite salutaiy in some hut detiimental in otheis ” As has 
been so well chaiactoiized hy Gicggaiid Sabiston,” when incieased coionaiy flow 
is achieved without incieased mvoeaidial metabolism, a state of “benign” laso 
dilatation obtains, howeier, if increased caidiac metabolism accompanies the 
increase in flow, this is aptly toimed “malignant” dilatation 

In the piesence of seieie coionary aiteiy stenosis, the adequacy of hlood 
flow to a potentially ischemic area, which is m a state of precaiious compensation, 
depends upon “active” sustained maximal aitciiolar dilatation, which in turn 
IS actuated by local hypoxia Any factor (leflex, or otheiwuse), which even 
slightly reduces this dilatation, may be catastiophic, despite the fact that 
vascular resistance may still he much lower than normal 

Despite the lemarkable clinical lelief afforded by nitioglyceim, its mode 
of benefit and, indeed, its very respectability have long been suspect, piesumahlv 
these doubts derive from the misappicliension that dilatation of iigid diseased 
coronary arteiies must obtain in oidci to inciease coionary blood flow 

In the laboratoiy, such “benign” vasodilators as nitioglyceim can ho shown 
to increase coronary flow, with blood pressure and cardiac output kept con 
stant’’” These vasodilators, pci se, appear to have no immediate piinniv 
effect on collateial blood flow ” Although othei specific chemical or metabolic 
influences of these agents have been implicated,” and piesiimably dispioved,“ ” 
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this activity can be logicall.v defined on a purely liemodjuiamic basis. Incident¬ 
ally, the remarkable clinical benefit derived from nitroglycerin is further evi¬ 
dence that relatively slight alterations in coronary flow can have profound 
consequences. 

Although there may well be valid objection to its use under special con¬ 
ditions,®^’generally there is little doubt as to its “benign” specificity.®® 

By waj^ of “objective” evidence in man, electrocardiographic and ballistoeardio- 
graph abnormalities due to coronary insufficiency may be “normalized” by the 
administration of nitroglycerin.®’^'®® A priori, the clinical benefit derived from 
nitroglycerin is an expression of the potentiation of myocardial ischemia plus 
nitroglycerin in achieving maximal vasodilatation. 

Theoretical arguments to the contrary notwithstanding, prophylactic ad¬ 
ministration of nitroglycerin actually prevents pain associated with a given 
amount of activity (by “benign” vasodilatation). Long-term administration 
of such vasodilators may actually aid in the development of collaterals®®; how¬ 
ever, due consideration is necessary before such may be applied to man. 

Blood vessels in different vascular beds react differently imder the same 
circumstances. For instance, in hemorrhagic hypotension, coronary resistance 
decreases, so that normal coronary flow is maintained; whereas peripheral 
circulation is decreased.®^ Certainly, vasospastic phenomena are well recognized 
in peripheral vascular disease,®®’ ®® and there is little reason to doubt that such 
phenomena may well play an important role in the clinical manifestations of 
coronary heart disease. 

Since most coronary catastrophes occur at “rest,” it has been assumed 
that undue stress is rarely tlie cause, except in certain situations of most 
strenuous exertion.®® Contrary to most published reports, in our o^vn history¬ 
taking, we have been profoundly impressed by an unexpectedly frequent cause 
and effect relationship between severe stress and subsequent “heart attacks.” 
which attacks mostly occurred at rest, but the proximate cause appeared un¬ 
deniable. The fact that there is a period of relative inactivity between the 
stress and the actual attack should not be allowed to obscure their relationship. 

A careful retrospective evaluation of our studies and other published 
reports®®’ reveals a heretofore overlooked, but potentially significant observa¬ 
tion: The increase in coronary blood flow, associated with various forms of 
coronary vasodilator activity, is almost invariably followed by a “rebound,” or 
“dip,” phenomenon,®®’’*® so that coronary blood flow is then below normal for 
extended periods of time. It is merelj^ suggested that such a period of relative 
vasoconstriction following a period of increased blood flow may well have obvious 
clinical implications. 

It is not altogether fantastic to postulate the following sequence of events : 
As a given coronary artery progressively naiTOws, increasing artei’iolar dilatation 
in response to local hypoxia compensates to maintain normal flow to that area. 
However, eventuallj'', despite maximal dilatation, artery stensis becomes so 
severe as to reduce inflow into this area, so that the myocardium becomes is¬ 
chemic, and profound alterations in cellular metabolism occur. Break-down 
products of ischemia, liberated via the now permeable cell wall either reflexly 
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ov by direct stimulation, produce profound vasoconstriction of the hitherto 
excessively dilated arterioles, with resultant stasis of blood in the diseased artery. 
Thus, there is complete ohstruetion of flow to a given area of myocardium with 
subsequent necrosis and scar formation. Furthermore, as a result of the sudden 
development of stasis in the artery, and as an almost incidental secondary 
phenomenon, thrombosis may occur in that artery segment which is most 
mdnerable. In other words, that event, toward which we have directed most 
of our attention as the primary cause of heart attacks, fantastic as it may seem, 
may conceivably be an incidental by-product of another primary cause. 

In this regard, a most intriguing inference is suggested by a series ot 
reports made by European observers."*’ These are concerned with the occur¬ 
rence of sudden death in at least 50 presumably healthy males engaged in the 
manufacture of explosives. In each case, there was prolonged eontinuous 
e.xposure to nitroglyeol, a volatile nitrite, whose mode of action in man is 
probably identical with that of nitroglycerin and certain other clinically useful 
vasodilators.'" Eoutine plo’sical examinations a short time prior to these deaths 
had revealed no significant abnormalities; there was a tendency to bradycardia 
and slight hypotension; there were no unusual symptoms. 

Invariably, sudden death occurred during an unusually prolonged period 
away from work (vacation or long week end), and appeared to be associated 
with some degree of mild to marked exertion. The sudden collapse was preceded 
by precordial distress and “weakness” in some cases Although it is presumed 
that death was caused by some foi’m of coronary insufficiency, post-mortem 
examination revealed essentially normal coronary arteries and myocardium. 

These observations have given rise to much speculation,'*’ "*■" none of which 
appears to account satisfactorily for these sudden deaths. As a logical extension 
of the concepts herein presented, this intriguing sequence of events lends 
itself to the follo\ving tantalizing explanation: Prolonged exposure to a volatile 
and potent coronary vasodilator (nitroglyeol) had produced in these men a 
sustained “active” coronary arteriolar dilatation, in which situation the normal 
phj’siologic stimuli (hypoxia) were relatively ineffective. Thus, the regulation 
of vascular resistance was impaired by this “artificial” influence, and had 
indeed become dependent upon it. IVlien this artificial vasodilator environment 
was withdrawn, the balance of influences controlling vascular reactivity was 
disrapted and a “rebound” of relative vasoconstriction ensued. When, in 
response to the subject’s increased activity, normal stimuli to pi’oride the 
necessary increase in coronary flow were ineffective, a sudden marked deficit 
occurred, with complete disruption of all myocardial compensatory mechanisms. 
As a terminal event, arteriolar vasoconstriction may have resulted from this 
“rebound” phenomenon. 

This explanation is not altogether fantastic; similar disturbances in regu¬ 
lation of vital functions abound in clinical states. In pulmonary conditions in 
which there is alveolar hypo\ entilation, chronic carbon dioxide retention results 
in a diminished rcspii-atory response to carbon dioxide. Anoxia, operating via 
carotid body chemoreceptors, becomes the primary stimulant to breathing. In 
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sucli patients, the administration of high concentrations of oxygen, with a rise 
in arterial oxygen tension, results in reduced ventilation, further carbon dioxide 
and bicarbonate retention, narcosis, and death. 

INTERARTEEIAL COMMUNICATIONS 

Basically, the extent of coronary arterial occlusion, per se, is not the primary 
determinant of the clinical manifestations of coronary heart disease; rather, it 
is the adequacy of the collateral circulation which determines the clinical 
course.®®’ Although various other circulatory channels, intra- and extra- 
cardiac in origin, have been implicated,by and large, the collatei’al circula¬ 
tion of the myocardium is almost exclusively a function of interarterial anas¬ 
tomoses. 

In a fundamental sense, coronary heart disease is a grim tug-of-war, or 
battle for suridval, between the relentless oeelusive process on the one hand and 
a compensating collateral circulation on the other. The patient who develops 
clinical evidence of coronaiy heart disease has arrived at this stage of precarious 
compensation. 

Under certain optimum conditions, this delicate balance may be so ivell 
preserved that the patient’s clinical condition becomes "stable.” Generally, 
this "stability” should not be considered to indicate that, by some miraculous 
means, the occlusive process has suddenly been halted, but only that it is pro¬ 
gressively "neutralized.” Thus, the patient is able to maintain economic pro- 
duetivitj^ and well-being almost indefinitely, unless some relativelj' "insignifi¬ 
cant” factor, if only momentarily, upsets this delicate balance and causes death. 
By the same token, death may be averted by just a little "extra” protection fn 
the right place. Ultimately, with a mai’ked reduction in total coronarj’^ inflow, 
however well distributed, myocardial failure ensues. 

Although the excellent studies of Gross,®^ and of Spalteholz,®® had long ago 
demonstrated the anatomic features of intercoronary arterial communications, the 
eriterially decisive role of the collateral circulation in protecting the myocardium 
was not established until the truly momentous work by Blumgart, Schlesinger, 
and co-workers.’®''^® These studies thus helped dispel the mystery sun’ounding 
the inexplicable lack of obligate correlation between the occlusive process in 
the coronary arteries and the myocardial response thereto. 

This monumental work should serve as the logical basis for the therapeutic 
attack on coronary heart disease; as indeed was well stated in 1951, "Any 
regimen that would produce interarterial anastomosis so that the coronary 
arteries were no longer functionally end-arteries would mitigate the clinical 
manifestations of coronaiy artery disease. Knowledge of the factors influencing 
the development of interarterial coronary anastomosis, therefore, would be 
of great practical value.”’® Unfortunately however, the logical application of 
these observations in the definitive treatment of coronary heart disease has 
been obfuscated by a remarkable series of non secjuiturs.*® 

In hearts vdth chronic occlusion of one or even, apparentlj^, of all major 
coronary arteries, the absence of significant myocardial injury should no longer 
be considered a medical curiosity which defies scientific explanation, but rather an 
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impressive demonstration of the tremendous potential for protecting the myo¬ 
cardium provided by adequate intereoronary collaterals. With adequate col¬ 
laterals to provide uniform distribution via a final common pathway for the 
ubiquitous red blood cell, tlie integrity of the myocardium may be maintained 
almost indefinitely, despite multiple complete coronary artery occlusions. 

The activation of collaterals, in response to adequate pressure gradients 
in adjacent coronary vascular beds, is certainly no more remarkable than many 
other natural and specific reactions, such as antibody production against a 
specific infectious agent. The absence of such collaterals^^ in hearts without 
chronic, complete (or almost complete) coronary artery occlusion is merely 
an expression of the fact that coronary flow (at rest) to a given area is not 
compromised until the cross sectional ai’ea is i-educcd to a small fraction of 
normal. In response to a given stimulus, there is great variation in man in 
his ability to develop collaterals. As occurs in other clinical conditions (for 
instance, susceptibility to carcinoma), this may well be a function of heredi¬ 
tary predisposition. The wcll-recognized severe disposition, in some families, 
to a particularly malignant form of coronary heart disease, may actually be a 
hereditary indisposition to the development of collateral circulation. 

Generally, any factor which decreases arteriolar resistance (thereby in¬ 
creasing coronary blood flow), and thus exaggerates pressure gradients from 
adjacent pre-arteriolar beds, will stimulate increased collateral flow. Such 
appears to be the case with known stimulators of collateral circulation: anemia®' " 
anoxia,” exercise,®’ and such pharmacologic agents as the nitrites.” 

Of profound significance is the fact that such procedures as the Beck I 
operation increase collateral circulation, even in the absence of significant pres¬ 
sure gradients.”'” Should there be acute arterial occlusion, such increased 
collateral circulation, provided in advance, even though it be insufficient to 
maintain contractility, will maintain viability of the myocardium The eventual 
increase in collateral flow to this low pressure bed then restores contractility 
so that there is no destruction of heart muscle. 

There can be little doubt that chronic coronary artery stenosis, with resulting 
myocardial ischemia, is the stimulrrs, par e.xcellence, in the activitation of 
intereoronary arterial communications.’”'” However, in view of the exorbitant 
mortality associated with this disease, the assumption that patients with clinical 
manifestations of coronary heart disease (.and myociirdial hypoxia) are diligently 
developing adequate “nirtural” collaterals is indeed unrealistic. Inherent in 
such an assumptimr is the implication that the rreed for frrrther definitive 
therapy is obviated. This may perhaps be likened to the following nonseqrritor • 
In a patient with an overwhelming infection, since a specific immune reaction will 
produce high antibody titei's, there is no need for antbiotic therapy. 

In view of the remarkable protection provided by a truly adequate col¬ 
lateral ciicul.ation, the post-mortem dcmonstriition of “adequate” eoUnter.ils in 
a patient who is dead as a result of coronary heart disease (despite the presence 
of such collaterals which are presumably more than adequate to prevent death) 
is apparently paradoxical 
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In the presence of truly adequate collaterals, a most remarkable degree of 
protection is afforded in inanj“> ’When controlled graded coronary occlusion 
is carried out in dogs, the development of an adequate collateral circulation 
enables the animal to survive total occlusion, and maj^ indeed prevent myocardial 
infarction; in -which case there can be no question regarding the far-reachiiig 
benefits of a naturally stimulated collateral circulation.®-’ Thus, the establish¬ 
ment of adequate intercoronaries, however produced, in advance of total 
occlusion, is truly protective; and auj'- procedure which enhances the establish¬ 
ment of this collateral circulation Avill provide such far-reaching benefit that 
this will defy comprehension based upon “established old concepts,” in view of 
the admittedly small amounts of blood made available to potentially ischemic 
areas. 

Although we originally’- presumed we might help in resolving controversy 
by means of a more or less unified concept of coronary heart disease, re-evalua- 
tion of the role of the collateral cii'culation has inevitably led us into a new 
and wholly unexpected development, which might well be considered the last 
sti'aw in this patently iconoclastic presentation. Heretofore, in the face of all 
the other raging controversies, the only “sacred cow” in coronary heart disease 
has been the universally acclaimed collateral circulation. As with the “benign” 
and “malignant” forms of coronary vascular dilatation, so we find, the collateral 
circulation itself may well be “benign” or “malignant”! 

Adequate intercoronary anastomoses in advance of the ocehisive process are 
truly beneficial; the extensive collaterals resulting from coronary occlusion and 
myocardial infarction are not necessarily salutary and may actually be dele¬ 
terious. In encouraging perfusion of a scar, which represents a low resistance 
bed, a functional arteriovenous fistula may be produced. Preferential flow 
to this area would then deprive adjacent and still viable myocardium of 
critically needed blood. 

In direct studies during coronary heart surgery, we have found myocardial 
oxygen extraction (artery-coronary sinus oxygen difference) to be -within normal 
limits, even in patients with severe sjunptoms of coronary heart disease; 
however, in those patients with a significant degree of myocardial scarring as 
a consequence of massive myocardial infarction, the oxygen content in the 
coronary sinus blood is frequently found to be significantly elevated, indicating a 
reduction in myocardial oxygen extraction.®® This apparent paradox is inter¬ 
preted as further evidence that, in an already compromised coronary circulation, 
significant amounts of critically needed blood are pei’fusing the heart without 
oxygenating the myocardium. Such a phenomenon has been observed bj' 
others,^^’ but the deleterious significance may have escaped detection. 

Clinically, a seemingly inexplicable course of events may well be associated 
with this concept of malignant collaterals: Following acute mjmeardial infarc¬ 
tion, there is apparent clinical improvement until the tenth to fourteenth day, 
at which time, rapid deterioration and death supervene. At post-mortem 
examination, there is no “new” cause for sudden death; the healing infarct 
and old occlusion, at this stage, are per se, considered as “inadequate” to 
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aecomit for suoli circulatory deterioration. It is perhaps more than coincidental 
that chronologic relations are such that the full development of collateral 
circulation is generally achieved by this time.’^' In patients who survive 
acute myocardial infarction, “recoveiy” is marked by gradual circulatory 
deterioration, with little or no anginal pain, but eharaeterized by easy fati¬ 
gability, weakness, shortness of breath, tachycardia, reduced pulse pressure, and 
a relentless do^vnhill course, leading inevitably to death from congestive heart 
failure. Again, the post-mortem findings are generally considei'ed ‘ ‘ inadequate, ’ ’ 
even by the pathologist, in elucidating this course of events. The amount of 
heart muscle damage, per se, is inconsistent with the catastrophic clinical 
consequences. Furthermore, when injection and dissection studies are per¬ 
formed, the collateral circulation is “more than adequate” to prevent death.’”' 

If this pernicious influence of postinfaretion collaterals (not to be confused 
noth "benign” and remarkably protective preinfarction collaterals) can be 
adequately substantiated, in addition to the obvious implications of such a 
profound alteration in a “basic” concept of cardiology, in such patients we 
will also have the first really valid indication for surgical excision of a myo¬ 
cardial scar or, perhaps, if technically feasible, just ligation of the “malignant” 
collaterals. 

SURGIOAI, TREATMENT FOR CORONARY HEART DISEASE: DIRECT VS INDIRECT 

It is not our intention in this publication to discuss, per se, surgical treat¬ 
ment; however, suffice it to say that, in our desire to achieve the “direct” 
surgical approach to this disease, we must not disregard certain fundamental 
(but neglected) considerations with regard to the pathophy.siology of coronary 
heart disease. Such prodigious technical achievements as coronary endarterec¬ 
tomy”” and anastomotic bypass of arterial occlusion almost pale into insig¬ 
nificance as compared ivdth the other formidable and deceptive pitfalls inherent 
in this “direct” approach. Presumably, contrast visualization of the coronary 
arteries in man ivill eventually be feasible (if somewhat dangerous); thus, in a 
patient with clinical symptoms of coronary heart disease, “localization” of 
obstructions in the coronary circulation will allow the surgeon to select at least 
certain diseased segments for the “direct” approach. (It is unrealistic to 
anticipate the application of such procedures to more than one, or perhaps two, 
separate obstructions in a given patient.) 

It is axiomatic that there is no obligate relationship between the extent and 
location of the occlusive process in the coronary arteries and the clinical 
consequences thereof.’” Only “moderate” stenosis of one artery may result in 
death; on the other hand, chronic multiple complete occlusions of two or more 
arteries may produce no symptoms and, indeed, no myocardial damage. In 
a fundamental sense, the patient’s symptoms are not due to the actual occlusive 
process in the coronary arteries, but to the response of the myocardium. Coro¬ 
nary occlusion, per se, is not the clinical disease. Even consideration of 
endarterectomy' as an “emergency'” procedure is unrealistic. Although coronary 
thrombectomy is “like thrombectomy' for arterial thrombosis elsewhere,””” the 
myocardium is unlike other organs (except, to a certain degree, the brain), in 
that within 20 to 30 minutes after occlusion irreversible damage has occurred.’” 
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In a patient with coronary lieart disease, the unwarranted assumption that 
the functional disturbance is due to a given obstruction of a coronary artery 
is most ill advised and may have disastrous consequences. Kcstoration of 
flow into a given area of myocardium may not only have no beneficial effect 
but, if flow is restored to a sear in a jireviously infarcted region, preferential 
perfusion of a low-resistance area may then deprive viable myocardium of blood 
which is already in short supply. Thus, a deleterious effect is produced, as 
may well have been (inadvertently) recently demonstrated.®'’ 

The patient witli coronary lieart disease has a precariously balanced cir¬ 
culation; adequate intercoronary collaterals may maintain the dynamic in¬ 
tegrity of the heart almost indefinitely. Anj’’ procedure which enlianees the 
production of collaterals in advance of the occlusive process will be remarkably 
effective. On the other hand, a “direct” approach, which may actually disrupt 
this balance, may have catastrophic consequences. 

SUMMARY AND CONCLUSIONS 

In a fundamental sense, the dynamics of coronary heart disease may be 
characterized bj'- the following axioms: 

1. The fate of the myocardium, and indeed the fate of the patient, depends 
upon the amount of blood available to a potentially ischemic area. 

2. There is a complete laclc of obligate correlation between the degree of 
occlusive disease in the coronary arteries and the clinical consequences thereof. 
It has been convincingly demonstrated that complete coronary artery occlusion 
does not necessarily result in myocardial infarction; myocardial infarction may 
occur udthout complete artezy occlusion; the site of znyocardial infai’ct is not 
necessarily related to the site of coronary occlusion. 

3. In the presence of a truly adequate intercoronary arterial collateral 
system, the tremendous potential for preservation of the myocardium is pre¬ 
served even when total cross-sectional area of the major coronary artei’ies is 
profoundly I’educed to a mere fi’action of noi’mal. 

The following can be considered as corollaries to these axioms: 

1. The symptoms of coronary heart disease are not neeessai'ily coi’related 
with total coronary inflow. 

2. Rejection of the “indirect,” and application of the “direct” surgical 
approach to the problem of coronaiy heart disease, is frequently based upon 
the false pi’emise that the disease pz'oce.ss has obviously already produced maxi¬ 
mum intercoronaiy communications; therefoi’c, little can be achieved in stimu¬ 
lating more collateral circulation. 

3. Generally, it is the unifoimity of distribution rather than total inflow 
that determines the clinical manifestations of coronary heart disease. 
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Discussion 

DE. BEENAED L. BEOFMAN, Cleveland, Ohio (Closing).—There can be little 
doubt that the ultimate solution to this destructive disease lies in medical prevention of 
the occlusive process in the coronary arteries. Whatever the ultimate role of surgery 
in the treatment of coronary heart disease, one of Dr. Beck’s most significant contributions 
in this field has been to encourage the coordinated effort of the medical cardiologist and 
the cardiac surgeon and in correlating experimental, hemodynamic, clinical, pathophysi¬ 
ologic, and bioelectrical observations and applying them for the benefit of the patient. 
Certainly, without such a comprehensive approach, one cannot achieve a series of 100 con¬ 
secutive operations without operative mortality; nor can one demonstrate an almost un- 
beEevable degree of clinical improvement and increased longevity in 9 out of 10 patients 
operated upon. 

[The corrected discussion by Dr. Vineberg has not been returned by the discusser. 
—Editor] 



ATRIOSnPTOPlJXl A SBIPLIPIED NBAV TECHNIQUE 
Tlroo Hirosb, 31D , Dr^ den P Horse, 31D, vnd Charles P B uley, 31D 
Philvdflphu, Pv 

A lthough closure ot human atual septal defects was fiist suggested 
bf Cohn^ in 1947, and Mas aceomplished paitiallj in 1948 by Sliiriay" b\ 
antciioi posteiior siituiiiig of the atiium in the line of the septum, it was not 
until Jan 11, 1952^ that a liiiman atrial septal defect was completely closed 
by one of us (C P B ) as shown bj postopeiatiic cathetcriratioii The method 
amounted csseiitialh to nnagmating a poition of the consistently redundant 
or dilated light atinl wall against the septal defect, to the periphciy of which 
it then was secuieh sutnied under digital guidance This method of closure 
was teimed “atriosoptope\j ” Since its innovation, a number of logical inodifi 
cations have been devised and applied foi the seveial anatomic laiiations 
which may bo encountered''" (Pig 1, A, B, C) 

Since that time, other methods have been developed and tested eaten 
sivelj These iiielude the closed method of Sondergaard in which the septal 
defect IS constiieted by a circumferentially placed tape oi suture, and the 
semi open “welt” method of Gross’ which has been elaboiated upon bv Kirk 
lin’ (3Iore recently, Gioss'” has adopted the method of atrioseptopevy foi 
the majoiitv of his cases ) Finally, theie are the open techniques of Lewis 
and Taufie,'' and Swan,” using hypothci niia, and of Gibbon,” De3Vall,” and 
otheis using caidiac by pass with a pump oxigenatoi 

Although these lattei techniques in time may pio\e to be applicable and 
safe foi this puipose, their veiy coiisideiable presentlj oMsting hazaids have 
led us to lestiict their use to the more complicated intracaidiac lesions which 
are not lemediable by closed methods Ati loseptopexy, in oiii hands, has 
pioved both safe and practicable, and has been employed loiitinely by us with 
good results in pioperlj selected cases of ostium secundum defect (Table I) 
We have had pool results in patients with ostium primum lesions, and piefei 
to operate upon these by an open technique using a pump o\ygcuatoi Also, 
wo have had pool lesults in patients m whom the shunt has become eithei 
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reversed or balanced,® apparently because of the extreme pulmonary vascular 
change which has taken place. We feel that these patients have become ir¬ 
retrievable by any surgical means. 


Table 1. Eesdlts of Atrioseptopexy in Ostium Secundum Patients With a Left- 
to-Eight Shunt of More Than 1.5 Liters Per Minute 


number 

OP CASES 

NUMBER OF 
DEATHS 

PERCENTAGE 

MORTALITY 

POSTOPERATIVE 

CATHETERIZATION 

NUMBER 

CLOSED 

PERCENTAGE 

OP CLOSURE 

74 

4 

5 

40 

38 

95 


Because of the low mortality (5 per cent) and the high number of success¬ 
ful closures (95 per cent by catheterization) which is obtained by atriosepto¬ 
pexy, we feel that this is the method of choice at the present time. 



defects. 

B, Atrioseptopexy which dispiaces the effective right atrial chamber posterior and 
caudad to the defect which remains anatomically existent. 

C, Atrioseptopexy for retransposition of anomalous right pulmonary veins after en¬ 
largement of septal defect. If none exists, one may be created by the use of the cardioscope 
or by a bistoury knife and scissors (guided by the intracardiac finger). 

Ilowever, at times, one of us (C. P. B.) has experienced considerable tech¬ 
nical difficulty in performing this operation, particularly when the right atrial 
chamber is very large and the lower (caudad) portion of the atrial septal rem¬ 
nant lies very deep within the atrial cavity. Should this septal ridge prove to 
be small or unusually fragile, it may be nearly impossible to pass a properly 
directed needle through both the lateral atrial wall and this tissue at the same 
time. Tearing of the septal margin has resulted from persistence in such eifort 
and, on one occasion, has been responsible for the persistence of a small residual 
interatrial communication. 

For these reasons, we would like to present what we feel is a significant 
advance, first suggested by the senior author (T. H.), in the technique of per¬ 
forming atrioseptopexy. In brief, this consists of introducing the guiding 
left index finger into the left atrium from the right side of the heart, so that 
it lies behind or to the left of the defect, instead of introducing it through the 
right auricular appendage, as has been our custom previously. This method of 
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The opei-atoi-’s ungloved left index finger is bathed in a dilute (1/10,000) 
heparin solution and is inserted, palmar surface upward, into the incision in the 



Fig. 2.—Lateral view of right side of lieart with the patient face up, showing the location 
of the purse-string suture about the interatrial groove. 



Pig. 3.—Photograph of Morse scissors. 



Fig. 4.—^Transverse section showing entrance of pointed scissors followed by finger into left 
atrium in the posterior portion of interatrial groove. 

atrial wall taniponading the bleeding which also is restrained by slight tension 
applied to the purse-string suture. The finger tip is advanced gently, the 
tourniquet tension being modified appropriately. 

After careful palpation of the septal defect, all normal or abnormal pul¬ 
monary vein ostia, the mitral and tricuspid valves, and the vena caval and 
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coronary sinus ostia, the right atrial wall is compressed down upon the defect 
by the operator’s left thumb (Figs 5 and 6). The intraeardiac left index 
fingertip holds the septal mai gin up against the partially inTaginated left atrial 
wall. Provision is made for preservation of an adequate intra-atrial passage¬ 
way for both the superior and inferior vena caval blood flow to the tricuspid 
valve This passage may be placed either anterior or posterior to the region 



rifr 5 — \ntcropo‘5tenor view shoTvinr rtpnroximation of n^ht atrial nail to the ctlfjo of the 
Ucfect by the intracardiac (left atrial) index flngcr opposing the cxlracardlac thoinb 



Fig G—Cross section showing approximation of right atrial nail to the edges of defect 


of atrioseptal approximation, whichever is more convenient In some cases, 
when the defect lies eentially, both an anterior and a posterior channel for 
blood flow is piovided (see Pig 1, J.). 

A heavy nylon sutuie on a small curved Atraumatic needle is passed 
through the external atrial wall into tlic atiial lumen, tlieii, through the adja¬ 
cent margin of the septal defect and out again through tlic atrial wall, forming 
either a simple oi, preferably, a mattress type of approximating stitch. This 
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suture is easily placed by the guidance of the iutra-atrial index finger. The 
actual or near approximation of the structures being sutured renders facile 
the passage of the needle (usually in a single arcuate movement). Preferably, 
each successive suture is applied into the margin of the defect in an over¬ 
lapping fashion, so that one half of that portion of the septal and atrial walls 
approximated by the previous suture is also included in the subsequent one. 
Several such sutures may be placed before any are tied. When they are drawn 
down together, the distribution of tension tends to prevent any tearing out of 
the sometimes delicate septal edge. 



Pig. 7.—Closure of dissected interatrial groove witli continuous everting cotton sutures. 


After the septal closure has been accomplished, as the intracardiac finger 
is withdrawn, the original nylon everting mattress suture placed across the 
dissected interatrial grove is tightened. This eversion ensures the endocardium- 
to-endocardium approximation of the lips of the left atrial incision which is 
necessary to prevent tlie formation of an intra-atrial thrombus. The two ex¬ 
ternal lips of the dissected interatrial groove are secured with a row of con¬ 
tinuous everting cotton sutures and a second row of running over-aiid-over 
sutures, employing the previously placed stay sutures which have been left 
long with the needles attached (Pig. 7). 

Table II. Coxcomitant Lesioxs ix 83 Cases of Atrial Septal Defect (Secoxdum Type) 

lesion_ I xum:ber of cases | percentage 

Uncomplicated (by other cardiac lesion) 59 

Associated anomalous pulmonarj’ venous drainage 15 

Associated mitral stenosis S 

Anomalous veins and mitral stenosis _^ 

Total ^ 


71.1 

18.1 
9.6 
1.2 

100.0 


MODIFICATIONS OP TECHNIQUE (Table II) 


Coexisting Anomalwis Bight Pulmemanj Venous Drainage.—The orifices of 
any such veins which enter directly into the right atrium may be diverted into 
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the left atrium by invaginating the vein-bearing portion of the right atrial wall 
against the usually conveniently located septal defect. If the defect does not 
lie in close proximity to the mouths of the anomalous veins, one maj' be made 
in an appropriate location by deliberately incising the septum. Then, the vein¬ 
bearing poi'tion of the atrial wall may be sutured against the region of the 
created septal defect (Fig. 8). In either event, the anomalous veins are caused 
to drain directly into the left atrium while the vena caval flow is separated from 
it. A similar techirique may be used for the correction of anomalous drainage 
of the right pulmonary veins in the absence ot any septal defect.’” 



Fig. 8 —The creation of a septal defect for drainage of anomalous pulmonary veins by means 
of special intracardiac scissors 




Fig. 9— A, One right pulmonary vein anomalous (into superior vena cava), the other 
normal 

B, Surgical correction by implantation of end of divided abnormal vein Into side of 
normal vein 


Should one or more of the right pulmonary veins enter directly into one 
of the venae cavae, one of the several logical modifications of these tecliniqucs 
will present itself. If one of the right pulmonary veins enters the left trium, 
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the other (anomalous) one may he dishiserted from the veiia cava and anas¬ 
tomosed end-to-side to the normally draining vein (Fig. 9). Should one he 
anomalous into the }'ight atrium while the other drains into the vena cava, tlie 
latter may he detached and anastomosed to the former. Then, ati'ioscptopexy 
may be carried out with application of the voin-beai'ing portion of the right 
atrial wall against the pre-existing or created septal defect. 

In case of total anomalous pulmonary venous drainage, the then neces¬ 
sarily present defect and the anomalous right pulmoJiary veins .should ho cor¬ 
rected at once. Iletran.si)o.sition of the anomalous left pulmonary veins may 
he performed at a later operation. 

We feel that normal lung tissue should not he resected simply because of 
the existence of anomalous venous drainage unless there is no other feasible 
solution. 

Coexistent Mitral Stenosis. —We now feel that a stenotic mitral valve may 
he more effectively treated by a right-sided appinaclithan by the 
usual left-.sided one, because the technically ea-siei’ acce.ss to both commissures 
facilitates a more complete valve mobilization. From the right side, one is 
directly above the valve and in line Avith the left atrioventricular channel, 
whereas, Avhen the mitral valve is attacked from the left side via the left 
auricular ar)pendage, it can only be done with a finger boit back on itself or 
by the use of a valvulotome with an appropj-iate extreme ciu'vc or a7igula1ion. 

ini.,usa’i{A'rivE case unroux 

Cr.B. (No. 50'20443£))), a 20-yeur-oM while man, liad been kiio\v)i to huvo a licail 
murmur since tlie age of 23. lie had been aliiiobl free of symptoms up to the tiuio ot 
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'idmission, except for some fatigability and some sbortne^’s of breath on heavy exertion 
There was a har«ih Grade 3 sjstobc murmur at the left third intercostal space near the 
sternal border The pulmonarj second sound was accentuated The blood pressure was 
120/80 mm Hg Tliero was no cyanosis and no clubbing of the fingers or toes 

By X ray, the heart was moderately enlarged (Fig 10) with a prominent pulmonary 
artery and increased vascularity of the lungs Tlio electrocardiogram showed a normal sinus 
rhythm at a rate of 80, with right ventricular hj’pertrophy and strain Cardiac catheter 
ization revealed a left to right shunt at the atrial level of 6 8 L per minute, with a normal 
pulmonary artery pressure 

Surgery was performed on Oct 17, 1950 The right atrium was hugely dilated The 
•septal defect was a very large central one of the secundum type There was a small (5 to 
8 mm) ridge of tissue about the penpherj The defect was approximate!} 5 to 6 cm in 
diameter and o\aI Its lower (caudil) margin la> about 5 cm medial to the lateral atrial 
wall It was suece<isfullj and easilj clo‘»ed by the above de'^enbed technique, the intra 
cardiac index finger lifting the septal margin as the thumb depressed the lateral atrial 
ivall to make contact witli it The time which elapsed from the in'^ertioa of the finger to 
closure of the defect was 22 minutes The postoperative course was completely uneventful 
At the pre«!ent time, no murmurs are audible 

Since that time, 16 additional patients with ostium soeunduiii defects h-ivc 
been treated easily snd simply by this modified teehniquo -nithout opeiativo 
11101 tahty 

OISCUSSIO'I 

At the piesent time, tliiee gcneial plans of attack aio available foi olosuio 
of atiial septal defects They aie—the open, the semi open (“well”), and the 
closed techniques The open techniques entail the use of a pump oxygcnatoi, 
cross oiiculation, or hypothermia It is oiii opinion that these open surgical 
techniques aie associated with greatly added iisk and that then use is not 
justified for the elosme of simple ostium secundum defects The semi open 
technique of Gioss as elaborated by Kirklin seems to us to be luinecessarih 
eoinplicated and time consuming for elosiue of a simple defect Gloss’s leceiit 
adoption of the technique of atiioseptopexy would seem to imply a similni 
conclusion 

Ostium priiiium defects would seem to leqiliro an open technique foi then 
closure Detects iiitli reversal of shunt represent an end stage of disease which 
may pieclnde correction by suigeij Associated lesions, such as mitial stenosis 
01 anomalous drainage of the right piilmonaiy reins, maj be tieated dtfiintiveh 
at the time of collection of a secundum type defect uheii the closed method of 
■itiioseptopexy is employed 

sorm IKY 

Simplicity, Hide applicabilitr, and safety to the patient distinguish the 
technique of atiioseptopexy as oiiginallj deserihed An open technique seems 
indicated foi the coriection ot the less common and inoie difficult ostium primiim 
type of lesion 

A modification of the teelmique of atiioseptopexy is suggested in iihieli 
the mtiacaidme fingei is intiodiiced bj iiaj of a light sided thoiacic incision 
directly into the left atiiiim, so that it lies behind the inteiatiial septum, tlierehj 
considerably facilitating the steps of closiue of the defect 
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VENTRICULiAB FIBBILIiATION IN HYPOTHERMIA 
A Review of Pvctors PAVO!^I^IG Fibrillvtion in Hypotherviia “With A^D 
AVithout Cvrdivc Surgery 
Henry B vdeer, SI D * 

Beirut, Lebanon 

I T IS generally agreed that ventricular fibrillation (VP) constitutes the most 
serious complication of piofoiind hjpothcrmia It is still the mam deterient to 
the moie extensive use of hypotheiniia toi vaiious siiigical intciventions 
despite the chum that it may be used to advantage in caidiac suigeiy ‘ * In 
ordei to pievent this aiihvthmia during hypotheimia, paiticiilarly in caidiae 
siiigery, it is necessary to know the faetoi(s) which induce it undei such 
circumstances Unfoitunatelv, m spite of much woik, tlicie is still no general 
agreement about the exact mechanism of the onset of VP undei noimotliermic 
conditions The simplest woiking concept may be biieflj outlined as follows 
An ectopic focus or foci in the ventiicles start discharging lepctitively at a 
high and acceleiating fiequciicy (the high fitqiiencv is relative lather than 
absolute, being lelated to the refractory peuod of the muscle) If one of 
these impulses is dischaiged very soon after anothei it may be blocked on one 
side, provided it falls in the relative icfiactoiy period ot tlie preceding impulse 
However, the impulse traveling in othei directions may proceed over the 
ventrieulai syncytium if the muscle has just recoveied its excitability oi is 
m a liypeiexcitable state Conditions aie now favoiable for le entiy and spread 
of excitation oeeuis in a veiy iricgulai and liapliazaid fashion depending upon 
the availability of excitable tissue As a consequence, the ventiieulai oontrac 
tions aie fasoioulated, producing the chaiactcristie fibrillatoiy movements 

Duiing hypothermia the phjsiology of practically every system in the body 
of the nonhibeinating homeotlieim is piotoundly altered and it is the pui-pose 
of this review to analjze the lole of these changes in favoring the onset of VP 
I Inflncnce of Ancstlietid ,— 

Covino, Cliarleson, and D’Amato^ noted that cardiac arrhythmias and A^’P 
occui less fiequently in profoundly hypotlieriiiic dogs undei thiopental oi ether 
than under pentobarbital, whereas, in normothermic animals, arihytlimias aie 
more frequent nndei Peiitotlial anesthesia Riley and associates” similarly 
lepoited that there is a lower incidence of VP with thiopental anesthesia com 
pared to pentobaibital 
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II. Bole of Cardiac Nerves .— 

The influence of extrin.sic cardiac nerve.s on tJic VF of hypotiiermia i.s a 
moot question. Shumacker and eolieagues’' showed tiiat bilateral sympathetic 
denei’vation oi‘ the heart or the use of a sympathetic ganglionic blocking agent 
(Arfonad) prevented fibrillation in hypothermic animals subjected to inflow 
occlmsion and right ventrieu]otom 3 ^ On .such grounds, Riberi,® Radigan" and 
their co-workers have used procaine infiltration of the junction of the right 
atrium 'with the superior vena cava and reported protection from VF during 
hjqpothermia and right ventriculotomy. Contrary to these observations, Covino 
and co-workers® found that adrenergic blockade with Dibenamine or SY-21 
offered no protection against hypothermic VP in the absence of cardiac surgery. 

ShumackcF noted that bilateral cervical vagotomy offered no protection. 
On the contrary, electrical stimulation of the undivided right vagus nerve 
below the level of the caudate ganglion reduced the incidence of VP. A 
similar result was noted by IMontgomery, Pi'cvedel, and SwaA“ who utilized 
vagal stimulation to prevent VP during catheterization of the coronary sinus 
in hypothermic animals. 

Prom these studies one is led to conclude that increased sympathetic activity 
and perhaps decreased vagal tone on the heart tend to favor the onset of VP. 
Whether or not such a change in the activity of cardiac nerves prevails during 
hypothermia is uncertain, although some investigators’® postulate that it does. 
This is thought to be a consequence of sino-aortic reflexes which may be 
activated from the fall of arterial pressure that occurs in hypothermia. The 
situation is actually much more complex than is implied by Ibis hypothesis 
because there is some evddeiice that hypothermia affects the discliargc of 
baroceptors as well as that of the medullary cardiac centers. Purthermorc, 
the action of the neurohumoral agents (epinephrine and acetylcholine) released 
by the postganglionic neiwc endings is increased in cold. Puhrman and col¬ 
leagues’^^ showed that injected epinephrine causes an increase in the amplitude 
and duration of contraction of the denervmted nictitating membrane at lowci' 
temperatures. This is explained by the action of cold in retarding the rate 
of enzjonatie inactivation of epinephj-ine. Garb and Renua’^ showed that in 
isolated cat auricles, epincplirine producc.s a proportionately greater increase 
in rate and amplitude at 29° C. than at 37° C. Similarly, Jourdan and MardueP® 
have noted that vagal inhibition of. heart lasts much longer in dogs at 30° C. 
than at 37° C., probably because enzymatic hydrolysis of acetylcholine is delayed 
by cold (acetylcholine esterase is less active at low temperatures). Some have 
erroneously interpreted this result to imply increased vagal tone during hy- 
pothermia.” 

In contrast to the above result.s, the work of Reissmann and Kapoor’® sug¬ 
gests that the extrinsic cardiac nerves play little if any role in precipitating 
VP in profoundly h 3 q) 0 thermic dogs. They noted tliat the terminal hypothermic 
tempei’ature at which VP supervenes is about the same in the denervated heart- 
lung preparation as in the intact dog. This comparison may be unjustified, 
however, on the grounds that conditions in the two preparations are not the 
same and that the intexplay of different factors may have produced VF at the 
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Covino and Hegnauei-'* had emphasized the importance of acidosis in 
hypothermic VF and, in their preliminary studies, had suggested that acidosis 
favors VP by increasing the excitability of ventricular myocardium. However, 
in a more recent work the same investigators-® showed that the earlier results 
were due to a technical error and that actually there were no changes in 
ventricular thresholds during hypothermia. Montgomery, Prevedel, and Swan"® 
suggested that acidosis might possibly act by changing the potassium coneen- 
ti’ation in myocardial tissue. They noted that the hj’-pothermie heart during 
respiratory acidosis gains K, whereas during respiratory alkalosis it maintains 
K balance. 

c. Plasma electrolytes: Much interest is centered on the possible role of 
alterations in the co}icentration of plasma electrolytes on the onset of VF or 
cardiac asystole in hypothermia, klost investigators find no significant change 
in plasma sodium, chloride, phosphorus, and magnesium during hypothermia. 

The cations of greatest interest are calcium and potassium because of their 
Avell-lniown effects on cardiac aetivitj'. In hypothermic dogs, Fleming-" found 
no significant change in serum calcium whereas Smith-® reported a 22 per cent 
increase. Elliott and Crismon-® noted a slight increase in serum calcium in 
hjT)othermic rats that were shivering. 

The studies on serum K are more inconsistent. Swan®" and Osborn®® found 
a decrease in Iv during hypothermia in dogs. Fleming®" and Deterling and co¬ 
workers®" reported no significant change whereas Smith®® noted an increase of 
45 per cent. Elliott and Crismon®® found a jnarked rise of K in hypothermic 
rats undergoing shivering. This hyperpotassemia was attributed to hepatic 
glycogenolysis which is accompanied by the release of Iv. Whether the discrepant 
results in anesthetized dogs can be due to different degrees of shivering is 
difficult to know but appears unlikely. 

In most of these studies, no correlation was made with terminal cardiac 
events. Hence, it is impossible to state whether or not these electrolyte changes 
are causally related to the onset of Some investigators®® have speculated 

that in hypothei-niia a rise of serum calcium/potassiiun ratio may be responsible 
for the onset of VF. However, the recent observation of Smith,®® that the 
increase in potassium is proportionately greater than that of calcium, speaks 
against such a \dew. It may be significant to note that the hypothermic heart 
is more sensitive to K than the normothermic.®® 

d. Shift of oxylicmogloiin dissociation curve: Cooling the blood displaces 
the hemoglobin dissociation curve to the left, thus hindering the release of 
oxygen in systemic capillaries. On this basis, some workers®®* ®" postulated that 
hj'pothermia might induce hjT^Joxia of all the tissues in the body including 
the myocardium. It was believed that both hypothermic VF and cardiac asystole 
were due to such myocardial hj'poxia. However, Penrod®® and Hegnauer and 
associates®® showed that in the presence of adequate arterial saturation, coronary 
A-V oxygen difference remains unchanged at temperatures as low as 20° C. 
or 17° G. Studies by Badeer®® demonstrated that in the heart-lung preparation 
increasing the amount of oxygen physically dissolved in the blood does not lotvef 
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the hypotherraie temperature that induces VP when cardiac manipulation is 
avoided. Also, Bonre'® has shown that increasing the coronary flow, up to 
ninefold, in a hypothermie heart does not improve the performance of the heart 
as judged by pressure contours. These studies demonstrate beyond doubt that 
the leftward shift of the dissociation curve by cold does not induce hypoxia 
of the myocardium provided arterial saturation is normal. 

e. Arterial hypoxemia: Beck and Leighninger^' reported that in normo- 
tliermio animals a progressive decrease in arterial saturation causes cardiac 
arrest by asystole and not by VP. It was explained that such a heart is 
“electrically stable” because hypoxemia affects the entire ventricular myo¬ 
cardium equally. Similarly, in fatal hemorrhage the entire heart is hypoxic 
and stops in asystole. 

On such grounds one would expect that should hypoxemia prevail during 
hypothermia it would not contribute to the onset of VF. 

IV. Influence of Work Load of Heart.— 

Bigelow and co-workers’® reported that VP in hypothermia was associated 
with a high central venous pressure and that it could be prevented by venesec¬ 
tion. Covino and colleagues,® on the other hand, found that venesection did not 
prevent VP and concluded that cardiac overloading is not a contributing factor. 
This is in line with the finding of Beissmann*® who noted no relationship be¬ 
tween cardiac load and susceptibility to VF in the heart-lung preparation, 
except when the load was extreme and caused a relative deficiency of oxygen 
supply. Such a discrepancy between load and oxygen supply may arise on 
the sudden release of cardiac inflow occlusion under hypothemia because the 
heart is already hypoxic due to the occlusion. Therefore, release must be done 
in stages to avoid overloading. 

V. Bircct Effect of Loicerctl Temperature on Heart Muscle.— 

a. Excittthility: As already pointed out, the recent work of Hegnauer and 
Covino” shows that there is no change in the intensity of threshold stimuli 
applied to the hypothermic ventricular myocardium at different periods of the 
cardiac cycle even in the presence of acidosis. Hence, it is misleading to .speak 
of an increased “irritability” of the ventricles during hypothermia. 

Studies by Coraboeuf and Weidmann” on single Purkinje fibers, utilizing 
the intracellular recording technique, showed that the magnitude of resting 
potential and of the spilce potential is unchanged between 40“ C. and 25“ 0., 
but the duration of all the phases is prolonged with fall of temperature. This 
result may be interpreted to indicate a slowing of the speed of migration of 
ions during reversed polarization (depolarization) and repolarization of Purkinje 
tissue, but the magnitude of ionic migration (number of ions) seems to be 
unchanged. Similar results were obtained on single fibers of frog ventricle 
and cat auricle. Tliese findings at the cellular level agree with the latest report 
of Hegnauer” that there are no changes in the threshold of excitability of dog 
ventricle during hypothermia, assuming that polarization phenomena represent 
excitability. 
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We may conclude, therefore, that changes in myocardial excitability are 
not involved in hypothermie VP. 

b. Speed of conduction, contraction, and relaxation: All these events are 
slowed dxu’ing hypothermia. Slowing of conduction is indicated by the well- 
known prolongation of the P-E, interval, Avidening of QRS, elevation of S-T 
segment and changes in the contour of P and T waves. 

Ventricular contraction and relaxation phases are markedly prolonged 
during hypothermia.'^^ These changes are accompanied by lengthening of both 
the absolute and relative refractory periods of the ventricle.^- Such findings 
agree Avith the observation in single fibers that all phases of electrical activity are 
prolonged Avith fall of temperature.®*’ 

c. Temperature gradients: Hegnauer*® pointed out that during hypo¬ 
thermia and rcAvarming one Avould expect significant temperature variations in 
the ventricular myocardium and that such gradients may be responsible for 
ectopic activity in the ventricles. Pinlcston and associates'*® have recently demon¬ 
strated the existence of such gradients by thermocouples placed at various parts 
of the heart. These gradients could readily produce differences in the relative 
refractory period in different parts of the ventricular myocardium and thus 
play an important role in precipitating VP by blocking an ectopic impulse in 
some areas and allowing it to travel in others. 

d. Ventricular ectopic activity: Experimental evidence indicates that at 
temperatures beloAV 25° C. there is a tendency for the development of ectopic 
foci in the ventricles. Since the pathophj’^siology of ectopic discharges is still 
not well understood it is difficult to state the mechanism of ventricular ectopic 
actmty in lij’-pothermia. According to Di Palma,®'* acute failure of sinus activity 
may be a cause of ventricular rhythms. These ectopic discharges, specially Avhen 
accelerating, may be blocked unilaterally as a consequence of differences in 
the refractory period azid thus initiate re-entry and VP. It is likely that 
such discharges come during the so-called “vulnerable period” of ventricular 
activity (end of systole) in order to cause fibrillation. Many Avorkei-s suspect 
that changes in pH and/or K of A'entrieular myocardium are somehoAA' involved 
in ectopic activity and the onset of VP. 

e. Myocardial electrolytes: Montgomeiy and eo-AVorkers*® reported that 
in hypothermic acidotie animals Avhieh terminate by VP, the myocardium gains 
K prior to the arrhythmia, Avhereas in alkalotic animals there is no change. 
Later studies b3^ CoAuno and Hegnauer'*'* gave different results: In hjqzo- 
thermic acidotie dogs Avhich terminated by VP, there Avas a loss of K and H 
ions from cardiac muscle and a gain of calcium. HoAvever, in those animals 
that did not end hy VP, the myocardium neither gained nor lost these ions. 
The authors explain the discrepant results of Montgomery and co-Avorkers*® 
on the basis that these Avorkers used vagal stimulation or acetylcholine or 
Prostigmin in their experiments and that these chemicals are knoAvn to alter 
the K balance of the heart. Recently, Smith,®® in agreement AAdth CoAuno and 
Hegnauer,'*'* also noted a loss of K from heart muscle just prior to VP in many 
of his experiments. Currently much interest is centered on the role of K but 
more research is needed to assign its exact role. 
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Covino and Hegnaner^* reported that there was no gain or loss of myo¬ 
cardial sodium, chloride, and magnesium in hypothermic fibrillators or non- 
fibriUators. 

VI. Mechanical Stimuli .— 

It is well kno\vn that manipulating, clamping, or cutting the heart, as well 
as the presence of intraventricular catheters aet as mechanical stimuli even 
under normothermic conditions. In noemothermia such stimuli rarely induce 
VP. In the cold state, on the contrary, such stimuli are potent factors pre¬ 
cipitating VF.''^’ “ The difference probably lies in the slowed conduction 
and valuations in the refractory period of different parts of the hypothermic 
myocardium. 

VII. Coronary Blood Flow .— 

All investigators agree that in hypothermia there is a reduction in 
coronary flow.’®’"'" Although Smith’® claims that the decline in coro¬ 
nary flow leads to hypoxia of the heart and is a factor in the onset of 
VP, the majority of workers"' " agree that there is no evidence of 

myocardial hypoxia in hypothermia. The oxygen demand of the heart is 
greatly reduced by tlie low myocardial temperature, the reduced cardiac output 
and arterial pressure and the bradycardia. All these out down the demand 
for o.xygen so much that the curtailed coronary flow presumably remains 
adequate for tlie requirements of the myocardium. Hence, VP during pro¬ 
found hypothermia, in the absence of cardiac manipulation and inflow occlusion, 
is not due to myocardial hypoxia. 

In cardiac surgery with inflow occlusion under moderate hypothermia, 
the situation is somewhat different. The ventricles are now subjected to a dif¬ 
fuse ischemia and the question arises whether or not such ischemic hypoxia 
contributes to the onset of VP which usually develops some time after occlusion. 
If Beck's view (see Arterial Hypoxemia) is correct, such diffuse ischemia should 
not play a role in VP. However, Edwards," Lewis,®” and their associates 
showed recently that perfusion of the coronaries with oxygenated blood during 
the period of occlusion markedly reduces the incidence of VP. These reports 
suggest, contrary to Beck’s hypothesis, that diffuse hypoxia of the myocardium 
may be a factor leading to VP, at least in the hypothermic heart. 

CONCLUSION 

Ventricular fibrillation in hypothermia with and without cardiac surgery 
is not due to the operation of any one factor. The tendency for the develop¬ 
ment of accelerating discharges from ectopic centers in the ventricles coupled 
with prolongation and variation in the relative refractory period produced 
by the lowered temperature seem to be the most important factors initiating 
VP. Conditions that favor ventricular ectopic discharges, such as, changes in 
blood pH, disturbed myocardial Ca-K bqlancc, mechanical stimuli, increased 
activity of cardiac .sympathetics, increased amounts of circulating catechol 
amities, interference with coronary arterial flow, anesthetics and drugs, etc.. 
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favor the onset of VF during ii^'^potherinia. It appears that prolongation of the 
refractory period due to cold per se and differences in the refractory period 
due to temperature gradients pave the waj’^ for the o)iset of VF. 

Prevention bj'’ physiologic and pharmacologic means should aim at reducing 
or eliminating these factors as much as possible. 
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CAECIN0]\L4 OF THE LUNG TREATED BY LOBECTOMY: 

THE PROBLEM OP LOCAL RECURRENCE 

Robert H. Holland, i\I.D. 

Dallas, Texas 

A S THE pendulum swings from the more radical extii-pations of carcinoma 
of the lung to lesser resections, the problem of local recurrence assumes 
a more prominent role. This recurrence, be it in the bronchial stump or in 
the hilar lymph nodes, is a poor reflection on the operative procedure, especially 
if it was an elective loljectomy or bilobectomjL Pneumonectomy, bilobectomj', 
and lobectomj’^ in selected eases of carcinoma of tlie lung have yielded fairly 
good results^'^ and, at present, represents onr only effective weapon against 
this disease. Therefore, it is felt that the underlying pathologj' and the pul¬ 
monary functional status of tlie patient should determine the extent of resec¬ 
tion rather than enth\isiasm for a particular operative procedure or the un¬ 
suppressed desire to preserve all normal lung tissue. 

Eecentlj’-, Habein, I\IcDonald, and Clagett^ reviewed 18 cases of recuiTCut 
carcinomas of the bronchial stump in a series of six hundred and thirty-one 
extirpations and resections for carcinoma of the lung (an incidence of 2.9 per 
cent). In this group there were no known recurrences in the lobectomy group 
and only two in the bilobectomy group. In our series of twenty-one lobectomies 
and bilobectomies for carcinoma of the lung, perfonned prior to February, 1955, 
there are two known recurrences (an incidence of 9.5 per cent) and 2 suspected 
recurrences in patients who died at home. Because of tlie difficult}* in following 
all patients personally, Avho have had resections for carcinoma of the lung, 
we have considered the presence of persistent cough, hemoptysis, and inani¬ 
tion as evidence of reeui’rence imtil proved othenvise. 

The two proved recurrences in our series of twenty-one resections (sixteen 
of which were for squamous-cell carcinomas) and an additional case, a patient 
whose lung had been resected in another hospital and who had been followed 
on this service until death, Avere all squamous-cell carcinomas. Also, the IS 
eases of Habein, McDonald, and Clagett,'* previously referred to, were all 
squamous-cell carcinomas. 

CASE REPORTS 

Case 1. The patient, a 58-year-old white man, was admitted to the VA Hospital, 
iIcKinney, Texas, in December of 1954, for the sixth time during the past eight years for 
a chronic inflammation of the upper eyehtl and an active duodenal ulcer. Eoutine x-ray 
on this admission disclosed an infiltrate about a cm. in diameter in the right lower lobe 

’ From the Thoracic Surgery Service of the V. A. Hospitals in Dallas, and McKinney, 
Texas. 

Received for publication April 2, 1957. 
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(Fig. 1; ji) wliich was not present on a film taken in May of 1952. In reviewing his history, 
it was found that ho was a heavy cigarette smoker, and had had a chronic cough for the 
past twenty years. During the past six months his cough had become productive and 
hemoptysis had occurred on so\cral occasions. 

Physical examination revealed an expiratory wheeze in the right lung field, anteriorly. 
He had deformities of the right leg and foot which were residuals of an anterior polio¬ 
myelitis that he had had as a child. 

Clinical laboratory findings were all within normal limits. Pulmonary function studies 
including a total vital capacity and maximum breathing capacity were 66 per cent of the 
predicted normals. 

Bronchoscopy disclosed a granular tumor in the basilar segmental bronchi of the right 
low er lobe that was reported by the pathologist to be a squamous cell carcinoma. In January, 
1955, a right middle and lower lobectomy were performed. Epithelial metaplasia was found 
on tlie cut end of the bronchus; however, because of emphysema on the left side and the 
patient's shortness of breath, it was decided not to remo\e the remaining lobe on the right. 



Flff. 1.—Case 1. A, Chest roentgenogram showing the carcinoma In the right lower lobe. S, 
Postoperati^ e recurrence sixteen months after a right middle and low’er lobectomy. 

He remained well other than shortness of breath and ulcer symptoms until May of 
1956, at which time lie was readmitted ^vith hemoptysis of three days’ duration. Chest 
x-ray at this time revealed a large recurrent tumor in the right lower lung field (Fig. 1, S). 
Bronchoscopy also showed tumor extending up to the carina on the right. X ray treatment 
was started and he was finally discharged in July, 1956, after receiving a tumor dose of 
2,200 r. At present he is living a quiescent life in a government domicile. 

Case 2. The patient was a 41'jear-otd white man. admitted to VA Hospital, McKinney, 
Texas, in February, 1953, with a liistory of progressive sliortness of breath since August, 
1952. He smoked cigarettes heavily and had had a chronic cough for the previous twenty- 
five years. 

Physical examination disclosed only distant breath sounds over tlie left apex anteriorly 
and expiratory riiles over the entire right hemithoraz. 
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Laboratory studies ^^ere all witliiu normal limits. Roentgenograms of tho chest re¬ 
vealed seveial thin walled cysts in the left uiiper lung field and a nodulai lesion in tho light 
hilum (Fig. 2, A). Pulmonaiy functions piooperatively shoned the folloning; maximum 
breathing capacity, 111 L. per minute, and a total vital capacity of 1.1 L. in % second, 
2.0 L. in one second, and 2.S L. in 1% seconds. Theie was little change aftei the fust 
operation. 

In March, 1953, tno largo blebs were excised fiom the apical segment of the left 
upper lobe and a smaller one from the lingula of the left lower lobe, following nhich 
poudrage was carried out over the left upper lobe. The patient tolerated this pioceduie 
well and in May, 1953, a right upper lobectomy was peifonned foi a deep-seated scjuamous- 
cell carcinoma. Pneumonectomy was not performed because of the presence of bilateral 
emphysema and because it w as felt that lobectomy had removed the tumor completely. 

Pathologic sections of the cut end of the bronchus and adjacent lymph nodes revealed 
no evidence of tumor. 



A. B. 

Pig. 2.—Case 2 A, Chest roentgenogram demonstrating the carcinoma in the right upper 
lobe B, Postoperative recuirence one year after a riglit upper lobectomy 


The patient did well until February, 1954, when a follow’-up chest roeirtgenograni 
showed a recurrent tumor rn the right hilum (Fig. 2, B). Bronchial secretions were positiro 
for tumor cells. X-ray therapy was given at this time, but despite this the mass grew 
larger. Seveial other nodules developed in the right lower lobe, and the patient died with 
cerebral metastasis on Sept. 30, 3955. Peiniission to perform an autopsy was refused. 

Case 3. The patient was a 58-yeai-old white male salesman admitted to VA Hospital, 
Dallas, in October, 1954, with the complaint of a firm, tender mass in the right supra¬ 
clavicular fossa. This mass had been present for three months prior to admission and was 
growing larger. In February of 1953, this patient had had a routine loentgcnogiam ot the 
chest taken at the VA Regional Office (Fig. 3, A) which showed an infiltrate in the right 
low'er lobe. He returned to a private physician who also studied him and he was told that 
he had a tumor in the right lung. On March 2, 1953, a right middle and lower lobectomy 
was performed in another hospital and lie had an uneventful convalescence from this pro¬ 
cedure until the right supraclavicular- tiinior manifested itself. His past history and systemic 
review were noncontributory. 
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Physical examination, on admission, disclosed several scars over his face where akin 
cancers had been removed, and he w'orc an artificial limb on the left lower leg wliich had 
been amputated, in 1922, for a chrome osteomyelitis. A firm mass about 4 cm. in diameter 
was present in tho riglit supraclavicular fossa which was attached to the deep structures 
below' it. He also had a well healed postenor lateral thoracotomy scar on the right and 
some limited expansion of the right hemithorax. Breath sounds on the right were somewhat 
limited in comparison to those on the left. 

Laboratory studies revealed a slight anenua. Roentgenograms of the chest revealed 
an increased density in the anterior segment of the left upper lobe with several other small 
infiltrates below it and the usual postoperative changes in the right lung. 

Biopsy of the supraclavicular mass levcaled a metastatic squamous cell carcinoma 
which resembled the primary tumoi remo\ed from the long. Both were poorly differentiated. 
X-ray therapy was administered to the tight supraclavicular tumor wliich responded fairly 
well. He was discharged hut was leadmittcd for the last time w'ith some condylomata 



A. B. 

Piff 3.—Case 3 A, Chest x-ray showing the carcinoma In the right low'er lobe. B, 
Postoperative recurrence with atelectasis of the right upper lobe twenty-five months after 
a right middle and low’er lobectomy 

acuminata and another squamous cell carcinoma of the right wrist. Both of tliose tumors 
were removed without incident; however, during his hospitalization he developed a 
fever, and a severe cough, followed by a rapid downhill course. Chest studies disclosed a 
pneumonia in the right lung field ivith a questionable effusion. This later developed into 
a complete atelectasis of the remaining right upper lobo (Fig. 3, B). On April 4, 1955, he 
had two clonic convulsions and died shortly thereafter. Autopsy revealed a recurrent 
carcinoma of the bronchial stump on tho right which had occluded the right upper lobe 
bronchus. There were also metastatic carcinoma sites in tho left lung, right adrenal, and 
mediastinal Ijmph node^?. 

DISCUSSION 

The grave potential o£ a s<iuamous-ceU carcinoma of the lung is dearly 
illustrated in these 3 cases, and it is now our feeling that most sqiiamoiis-cell 
carcinomas sliould be treated by pneumoneetomy. Lobectomy.and bilobeetomy 
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should be reserved for some peripherally placed adenocarcinomas, large-cell 
undifferentiated carcinomas, and brouchiolar carcinomas, if the hilar lymph 
nodes are negative for carcinoma on frozen section. 

The so-called ''safe margin” of 1.5 cm. of tumor-free bronchus proximal 
to a squamous-cell carcinoma, as described by Griess, McDonald, and Clagett,® 
has not been reliable in our experience or in that of others.'* Frozen section 
of the cut end of the bronchus seems to be the most dependable method of 
ascertaining the presence of tumor cells or metaplasia. Epithelial metaplasia 
has been found to be an ominous sign and probably all suspeeted cases of 
carcinoma of the lung should have multiple biopsies of the lobar bronchus 
and paracarinal area, as suggested b}' Eabin, Selikoff and Kramer,® to determine 
their operability. 

.SUJiai.4RV AND CONCLUSIONS 

1. Two proved cases and two probable cases of recurrent squamous-cell 
carcinoma of the bronchial stump occurred in a series of 21 lobectomies for 
carcinoma of the lung. 

2. The exact incidence of this condition is probablj" underestimated because 
of the difficultj’’ in following all patients in person. The s^'mptoms of a per¬ 
sistent cough, hemoptysis, and inanition are considered evidence of bronchial 
stump recurrence until proved othenvise. 

3. The prognosis of a local recurrence is jioor. Radiation therapy has 
been of little or no help and further surgery was considered meddlesome. 

4. It is felt that the ruiderlying pathology and pulmonary functional status 
of the patient should determine the extent of resection rather than enthusiasm 
for a particular operative procedure or the unsuppressed desire to preserve 
all normal lung tissue. 

5. For the most part, squamous-cell carcinomas should be treated by pneu¬ 
monectomy. 

6. Lobectomy and bilobectomy should be reserved for some peripherally 
placed adenocarcinomas and large-cell undifferentiated carcinomas if the hilar 
lymph nodes are negative for carcinoma on fi’ozen section. 
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Original Communications 


WOUND SURGERY ENCOUNTERS A DIDEWJIA 
Edward D. Churchill, SI.D. 

Boston, Mass. 

The object of this Society shall be to encourage investigations of the physiology 
and pathology of tlie tliorax and its contents, to stimulate the study of the 
etiology, symptomatology, pathology and treatment of diseases affecting the 
thorax and its contents, and to disseminate such knowledge. (Article II, Sec¬ 
tion 1. Constitution of The New York Society for Thoracic Surgery.) 

I P MICHELANGELO had fallen from the scaffolding while decorating the ceil¬ 
ing of the Sistine Chapel it is likely that he would have been treated by John 
of Vigo. John of Vigo was the first surgeon to record his views on gunshot 
wounds of the chest, and in fact his book Practica Copiosa printed in Rome in 
151-1 was one of the very early surgical texts to mention wounds by firearms. 
John of Vigo enjoyed a rich experience in wound surgery while attached to 
that fighting Pope, Julius the Second, and a nice legend perpetuated by Sir 
Clifford Allbutt places a Pi'cnch translation of the Practica in the hands of 
the j’oung barber’s apprentice, Ambroise Pare. At any rate, Pare, in 1575, 
quoted John of Vigo on the management of wounds of the chest. 

At first thought it might .seem that the treatment of an open pneumothorax 
would have been a straightforward matter to the ancient wound surgeons. Such 
a woimd presents what might appear to be a simple choice between two proce¬ 
dures; the wound can be closed or it ean be left open. As a matter of fact, the 
several factors which are determinants to this decision puzzled surgeons for 
centuries and still crop up in one form or another in our own century. In my 
title I have referred to this choice as a dilemma and propose to identify some of 
the circiunstances which made the choice between leaving the wound open and 
closing it a difficult one. 

Address at tlie Fortieth Anniversary Dinner of The Xew York Society for Thoracic 
Surgery, November S, 1957. 
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Pare identified two major considerations. “John of Vigo,” he wrote, “said 
that there is a disagreement between the surgeons because some have a mind to 
close the penetrating wound as soon as possible . . . for fear that the cold air 
would penetrate into the heart and that vital spirits would depart and vanish; 
the others, contrary minded, recommend keeping the wound open ... in order to 
evacuate the blood left in the thorax, fearing that this would decompose and 
putrefy; that would provoke fever, fistula and other complications. In truth, 
those who are of the mind to close the wound inunediatelj’-. . . are entirely right, 
on condition that there is no blood or onlj' a small amount inside the chest. . . . 
In the same manner are those quite riglit who have the mind to keep the wound 
open ...” 

It is significant tliat Pare set out to define certain conditions or principles 
which, were to distinguish between the two courses of action and point to the 
selection of the one better adapted to the particular circumstances. His text was 
written for the benefit of barber surgeons who, as workers in a practical art, 
desired to be guided lu^ definite rules and precepts, pi’eferablj’’ phrased in the 
imperative. They expected to be told either “leave the woiuid open" or “close 
the wound." Such workers are particularly unhappy when the exercise of 
choice between alternative methods of procedure rests on conditions that they 
themselves may be unable to recognize. The condition which determined that 
the woimd should be left open was indeed definite even though difficult to 
assess—blood in the chest. The concept of what would happen if blood were 
closed in the chest was straightfonvard and empirical. The blood would “de¬ 
compose and putrefy” and would “provoke fever, fistula and other complica¬ 
tions.” 

Pare was on less certain ground Avhen he attempted to define the conditions 
under AA'hich the wound should be closed immediately. He may haA’^e laiOAAm that 
he Avas on unfamiliar ground, for he repeated the caution that there nuAst be no 
blood or at least only a small amount of blood inside the chest if this course Avere 
to be elected. Then departing from his OAAm surgical experience, Pare iiiA^oked a 
prevailing doctrine of ancient authority. “Close the Avound,” he Avrote, “for fear 
that the cold air aa’^lII penetrate into the heart and the Autal spirits depart and 
Amnish.” 

So the dilemma presented bj' an open chest Avound as seen by the great 
surgeon of the Peiiaissance Avas: surgeons Avho close the Avound to keep the 
Autal spirits from departing may he right but experience shoAvs that if blood re¬ 
mains in the chest, mischief AviU folloAv. Judging from the case reports of his 
OAvn practice, it was Pane’s custom to keep the Avoimd open 2 or 3 days and 
alloAV the blood to trickle out by graAuty; AAdien the flow of blood ceased, the 
AVOund was closed. ■ This compromise undoubtedly reflects Pare’s estimate of the 
relative validity of the indications for the choice betAveen closing the AVOund and 
leaving it open under the circumstances Avhich actually prcA^ailed. It is lilcely 
that the wounded of that period Avho suiwived to come luider treatment by a 
surgeon had wonuds of small cross-sectional area resulting from sword thrusts 
or low velocity missiles. 
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Let IIS now biiefli tiace tiio cieielopment of the moie pieeise nndei standing 
of tlie tivo eonises of action that coiifioiited Paie as tlie two lioins of a dilemma, 
fiist taking iip the mattei of blood in tlie pleuial oavitj The iintowaid elfeets 
of the accumulation of blood ni am uoiind aie related in the legends of ancient 
uais and raaiij loniantie stones can be found of fiiends who, haiiiig put then 
months to the flesh, sucked blood fiom the ivoiinds of uaiiiois In the uars of 
the seienteeiith and eighteenth ceiitiiiies the sucking of uoiiiids ins so niiieh in 
demand that it became a tiade Certain individuals in a legiment, frequeiith 
the diiimniei, became famous foi then skill as uoiind suckeis Tlieie is adequate 
testimonj in the old uiitings to establish the efficaej of this foim of tioatment, 
winch of eoiiise is in piinciple a sound method in the light of piesent day know] 
edge Suclang uas found partieulailj useful uhen quail els Mere decided bi 
duels with swoids which teiminated mth the fiist flesh wound The ■uoiinded 
suoidsnnn aftei this foim of tieatment eommonlj’ was able to ualk home and 
eiitiieh conceal the affaii Today it is iccogmzed that contaminated blood le 
iiiaiiung in a iiound tiack offois an inviting pabulum foi the giowth of patho 
genic bacteiia, and it is the usual piactice with flesh uounds to lease them open 
with textile diainage and to close them on the fourth day bj repantiie suture 

The nctnities of wound suckeis fiiiallj fell into disiepiite and the pioceduie 
itself became Imoun as the ^cciet dtessing To inflate then piostige and possibh 
111 oidei to keep their tiaclo to themsehes the suckeis pietended to make it a 
magical ceiomom Thej muttered cabalistic words, made stiange motions, and 
diew the sign of the cioss It was nndeistandable that tlie piiosts uho also 
followed aimies became outiaged bj such piofanities and i of used extiemo 
unction 01 othei saci ament to those who participated in these diabolical ceie 
monies The suckers on the othei hand refused to plj then ait on those who 
had commeiec avitli the piiests under the pretense that Christian iites intorfercd 
with then incantations La Slotte, a suigcon of this peiiod, uas an ere uitness 
to man 3 ^ wondeifiil cuies He saw foi example, a soldiei uho had been run 
thiough the In east with a single lunge winch passed, as he deseiihod it, “in at 
the pap, and out at the shoulder ’ Br exainimng the wounds and noticing the 
length of the antagonist’s sword La Jlotte rvas well satisfied that the r\capon 
had pieiced the lungs and gone quite across the chest The drummei of the 
legiment fiist sucked one rround, tlieii tinned his patient and sucked tlie opposite 
wound He applied a piece of chewed papei upon each and next daj the soldier 
was seen walking in the stieets 

Wound sucking was thought to be paiticnlaib effective foi wounds of the 
chest although some wiiteis expiessed doubt that letaiiied blood actualh could 
be lemored fiom the pleural cavity The question can be asked whefhei tlie 
phiase “sucking wound” as it is applied todar to open chest wounds is a cm ions 
linguistic siurual fiom this peiiod because actuallj’’ such a wound Iilows an 
out as much as it sucks an m 

In 1707, And' published in Amstcidam a small hook on the ait of sucking 
wounds rvithont using the human mouth A silrei tube was the answei One 
end could he attached to a piston sMinge and the othei applied to a wound Br 
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this gadgetry the surgeon himself was able to take over the procedure of wound 
sucking, which then became known by the more refined term—aspiration. Im¬ 
provements in the apparatus inevitably followed and one of these proposed by 
Birkholz,^ in 1771, introduced a reservoir into the suction line, producing in 
essence a Potain aspirator. Anel doubted that suction applied to the margins of 
the wound could actually evacuate the pleural cavity and so designed a cannula 
patterned after a female catheter which could be introduced into the pleural 
space through the wound. Prom this it was a short step to trocar and catheter. 

In 1772, Valentin® published his small volume in which he declared that all 
wounds of the chest were to be closed as a measure to suppress hemorrhage and 
that when necessary a counter opening should be made to evacuate the effused 
blood at an early date. Guthrie,^ the great English military surgeon of the 
Napoleonic Wars and the Peninsular Campaign, closed wounds of the chest but 
followed them carefully with what he called “unremitting attention in the use 
of the stethoscope,” and removed blood b}"- trocar and cannula. “The first 
object,” Guthrie wrote, “is to save life. After that, if time be given, the next will 
be to relieve the loaded cavit.y.” Baron Larrey,® Napoleon’s surgeon, supposed 
that 9 daj’-s should elapse before it was safe to evacuate blood without encounter¬ 
ing the danger of renewed bleeding. If Guthrie, surgeon of the Duke of 
Wellington, could find an excuse to differ from Larrey he always did so; his 
recommended procedure was to wait until the patient reacted, when he concluded 
that bleeding had ceased. In following the situation he looked for the increase 
of serous effusion which usually came from the third to the fifth day. Then 
Guthrie either reopened the wound to evacuate blood or carried this oirt through 
another opening with a trocar and cannula. He placed great importance on 
relieving the lung from pressure at an early date so that it might expand and 
not be bound down by what he termed false membranes. 

Having traced these significant steps in the management of the retained 
blood, let us examine briefly the other horn of the dilemma, namely the disturb¬ 
ance in pulmonary ventilation which attends an open pneumothorax. In the 
view of Pare, disaster resulted from the cold am penetrating into the heart and 
the vital spirits departing the body through the wound and vanishing. Here, as 
with the complication of blood accumulating in the wound, the record of ex¬ 
perience is lost in antiquity. Take the famous case of The Dying Gaul in the 
Capitoline Museum of Eome dating from the second or first century b.c. (Fig. !)• 
Blood is pouring from the wounded chest of the warrior and his head sinks 
forward as his eyes dim with hypoxia. The breathing is labored and he sup¬ 
ports his weight on a rigid arm to obtain maximal use of the unwounded lung.” 

Little was understood about the lethal effects of an open pneumothorax 
until the early physiologists started a systematic analysis of the action of the 
organs of respiration. The phenomenon of pendulum air in open pneumothorax, 
a phenomenon which is customarily attributed in eponym to Brauer, was ex¬ 
plained by Hoadley® as early as 1737. 

•Elsewhere I have given due credit to Dr. Bvarts Graham for this clinical diagnosis. 
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“In expiration, tlie air in the impounded side was condensed, and 
part of it, instead of going out at the windpipe, forced its way into tlie 
lung of the wounded side, and dilated it, till the air within it came into 
an equilibriiun with the external air which surrounded it; and in in¬ 
spiration, when tlie air in the lung of the unwounded side became rarer 
than the external air, the limg in the wounded side was compressed, 
and part of the air within it was, by tlie pressure of the external air, 
forced back into the lung of the unwounded side, till the equilibrium 
was again restored.” 


On the basis of clinical observations, the brilliant young associate of the 
Hunters, William Hew son,' observed in 1767 that with an open external wound 
the patient may hardly he able to breathe but he breathes easily w'hen it is 
covered. Hewson said the difficulty arose “ow'ing to the air getting into the 
cavity of the thorax in inspiration instead of entering the lungs by the trachea.” 



QVINO GAUt. 
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Fig. 1. 


Wliile such a wound is uncovered tlie patient is deprived of the use of the lobes 
of that side either partially or entirely “according as the wound of the thorax 
bears a less or greater proportion to the branch of the trachea to that side.” 

These concepts based both on physiologic experiments and on clinical ob¬ 
servations in the eighteenth century stand today except for certain amplifications 
and minor corrections. 

It is difficult to be certain when ivonnd surgeons closed a defect in the clie.st 
wall primarily to reestablish effective pulmonary ventilation rather than to 
control hemorrhage from the lung. The following story related in thm>memoii-s 
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of Baron Larrey, the surgeon of Napoleon, emphasizes the inunediate and strik¬ 
ing improvement in the condition of the patient that follows the closure of an 
open chest wound. 

“A soldier was brought to the hospital of the fortress of Ibrahym 
Bay, inunediately after a wound ... that penetrated the thorax, between 
the fifth and sixth true ribs,... it was about eight centimetres in extent : 
a large quantity of frothy and vermilion blood escaped from it Avith 
a hissing noise, at each inspiration. His extremities were cold, pulse 
scarcely perceptible, countenance discoloured, and respii'ation short 
and laboi’ious; in short, he was every moment threatened with a fatal 
suffocation. 

“After haAung examined the wound, and the dmded edges of the 
parts, I immediately approximated the two lips of the wound, and 
retained them by means of adhesive plasters, and a suitable bandage 
round the bodjx 

“In adopting this plan, I intended only to hide from the sight of 
the patient and his comrades, the distressing spectacle of a haemor¬ 
rhage,^ AA'hieh Avould soon prove fatal: and I tliei’efore thought, that the 
effusion of blood into the cavity rf the thorax, could not increase the 
danger. 

“But the woiuid was scarcely closed, when he breathed more freely, 
and felt easier. The heat of the body soon returned, and the pulse 
rose; in a feAv hours he became quite calm, and to my great surprize, 
grew better. He was cured in a very few days, and Avitliout difficulty.” 

Larrey then referred to two similar eases at the hospital of the Imperial 
Guard. 

“Since Ambroise Pare, all practitioners and authors, AAdio have 
Avritten on Avounds of the thorax, adAuse not to close the Avounds AAdiich 
penetrate this cavitA', especially, AAdien they are folloAved by hoemor- 
rhage. . . . But the ancients closed such Avounds, and even used sutures 
to make them more exact. ... 

“The surprising success that attended these three apparently mortal 
Avounds . . . led me to belicA^e that this practice is preferable to that 
AAdiich is noAV adopted." 

Guthrie, Aidiom I liaAm already identified as the surgeon of the Duke of 
Wellington, remarked that Baron Larrey had receded credit for adAmcating 
closure of chest Avounds merely because he had so effectiAmly supported the 
AueAvs of Yalentin, and that although the precepts of Valentin may liaA'c been 
forgotten in France thej’- Avere in existence and Larrey merely deserved the 
merit of haAdng reAUA'ed and confirmed them. Purtliermoi-e, Guthrie claimed 
that he himself had closed chest Avounds long before he had seen any of 
Larrey’s Avorks and Avas not aiimre that he Avas acting out of the ordinary 
course of things except that he used a continuous suture instead of trusting to 
a compress and bandage. YTiile Guthrie pointed to this as a triAual difference, 
far more Aveight Avould be put on this detail today, because until a surgeon can 
be certain that a Avounded lung is not lealdng air into the pleural space, the 


Italics are those of the author. 
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evtoinal wound should not ho closed tightly with a suture A lethal piessuie 
pueuniothoiax may dei elop within a few minutes Stiappmg the wound edges 
togethei as Lauey did peimits the escape of an should piessuie build up fioin 
a bioncliopleuial fistula 

It was well known to Gutliiie that closuie of chest wounds lelieied diffi 
cult bieathing and he was familial with the obseivations of Hewson to which 
he lefeiicd jMci eitlieless his wiitings give the impression that his advocacy 
of closuie of the wound was based piimaiily on the belief that in aecoid with 
the recommendation of Valentin this was the most efficacious means of arrest 
iiig hemoiihago fiom the lung Thus the two hoins of Paie’s dilemma became 
a point of issue between the siiigeons ol Napoleon and Wellington at Wateiloo 

Theie has bien constant modification and duplication of detail in devices 
designed to suppicss the in and out flow of an in an open chest wound 
Ilermetical seals weie tiled in the Noitheui aimies of the Civil War® 
Tampons weie designed in AVoild AVai 1” and, on the Italian fiont, Alorelli'" 
used his occlusive lubbei cuffs on tubes pcimitting suction diainage as well 
as closuie of the defect 

rurthei piojectiou of the developincnt of the undeistandmg of open 
pnoumothoiax would lead dncctly into the thinking and experiments which 
eliminated the hazaid of uneontiollcd open pneumothorax dining a chest 
operation This is a long and fascinating stoiy of suigioal technology and m 
lention m which luembeis of this boeiety and their pieceptois have played 
an active pait I mention specifically Willy Jleyei, Nathan Green, O’Dwyci, 
Jfcltzei, Auei, and Lilienthal The devices developed to maintain ventilation 
of the lungs in the patient undergoing thoracotomy weie many and vaiied 
Today the lesponsibility foi ventilation has been assumed by the anesthetist, 
but for several decades this responsibility was added to that of the operation 
itself and assumed bj the suigeon Rathei than puisne the iiitiicaeics of this 
stoiy,“ it may be of gieatci inteiest to leview some of the cucumstanccs that 
attended AVoild AVai I and surrounded the task of the Empyema Commission 
of 1918 

A beginning may be made in 1914, 3 years before the United States entered 
the Wai At that time a faiily complete concept of the aerodynamics of pul¬ 
monary ventilation had been established, methods to maintain adequate ven¬ 
tilation dining open chest operations had been devised, and techniques foi 
applying these metliods had been peifected It was well into 1916 hefoio the 
treatment of gunshot wounds of the chest by open opeiation in the combat zone 
had been undeitaken except in the Gciman aimy' Both French and Biitish 
surgeons were submerged by an overwhelming load of casualties and pie- 
oeeupied with the task of learning by bittei experience the suigieal principles 
that must guide the management of flesh wounds from high v elocity missiles 
and high explosive shell fragments 

Then the Paiisian suigeon, Pieire Duval,'" speailieaded what appealed to 
be a break through on the surgical fiont. 
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“Surgeiy of the lung has undergone complete revolution in the war. 

The lung is no longer an organ inaccessible to the surgeon. One can 
open the chest widelj’^, expose the lung, lobe by lobe, manipulate it, 
resect it, suture it, and treat it as one would a coil of intestine in a 
laparotomy. Surgery of the lung does not require any of those pres¬ 
sure chambers which the genhis of the Genuans invented and their 
persuasian made us think necessary.” 

It is only fair to point out that Pierre Duval’s claims were not widely 
accepted in France, where Grdgoire and Coureoux maintained a far more con¬ 
servative position. British surgeons were also skeptical although i\Ioynihan 
and Gask were swept along on the tide of enthusiasm. II. Morriston Davies 
with his scholarly interest in thoracic physiology held to sound concepts, as 
did "William Hutchinson of the Canadian anny. 

The rash claims of Duval and his disciples and their scorn of differential 
pressure had more repercxissions in the United States than in the theater of 
war. In the general exuberance over all things French and the condemnation 
of all things German, the fact was forgotten that scientifle concepts recognize 
no national boundaries. Lord Slojmihan,'-^ then Sir Berkeley, Colonel in the 
R.A.jM.C., informed audiences in the United States that a surgeon might 
attack the lungs boldly, without heed to the danger of an open pneumothorax. 
Following the pattern of the triumphal tours of the victorious generals, Duval 
appeared before professional groups in tlio United States in the autumn of 
1918. I quote from an Editorial” in the American Journal of Surgeiy: 

“Those who were fortunate enough to hear the addresses of the visiting 
foreign surgeons at the College of Physicians and Surgeons and at the 
New York Academy of J^Iedieine in the early November days will not 
soon forget these memorable occasions. They Avere all inspiring 
addresses, especially in the setting of spontaneous patriotic fervor 
that marked those days. They Avere set fortli Avitli a remarkable lucidity 
and grace of diction; charged Avith big and novel surgical principles 
and bearing a message of profound import not only to Avar surgery, 
but to surgery of civil life. 

. . . Ave haA’^e selected for comment in tliis number their experiences in 
lung surgery, because this Avas perhaps the most startling feature in 
tlieir addresses. This phase Avas beautifully set forth by Major Duval, 
the daring originator of the latest treatment of Avounds of the chest 
and lung ... no one could accuse DuA'al of chauvinism AA^hen he pointed 
out that certain German principles, such as the teaching of the exag¬ 
gerated dangers of artificial [sic] pneumothorax . . . had retarded the 
progress of lung surgery appreciably . . . the lung, lilce other tissues of 
the body, need not be handled AAUth the timidity AAoth Avhich it had ■ 
hitherto been accustomed. . . . Essentially, therefore, the method dcAuscd 
by Duval consists in AAude exposure of the chest eaAuty, producing a 
complete pneumothorax AAUth prolapse of the lung; pulling out and ex¬ 
posing each lobe of the organ, and treating the Avound in the same 
manner as a AVOund in any other part of the bodj^ folloAved by complete 
closure of the thoracic caAdty, AvithoAit drainage.” 

And so patriotic fervor once again AAms to solve both liorns of the old dilemma 
of John of Vigo and Pare. 
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In reflecting upon the narrative of the experience of wound surgeons in 
the 1914-1918 War as compared mth that of surgeons in previous and subsequent 
wars, I have become increasingly convinced that the outstanding feature of 
this period was the prevalence of hemolytic streptococcus infection both in 
Europe and in the United States. This epidemic assumed pandemic propor¬ 
tions when the hemolytic streptococcus rode the coattails of the influenza ^^rus 
which swept around the world. For over a decade after the end of the war 
the hemolytic streptococcus haunted the surgical wards of our civilian hos¬ 
pitals and made return visits, particularly during the mnter months. Those of 
us studying surgery during this period were weaned on the surgery of acute 
tenosynovitis, mastoiditis, primary streptococcal peritonitis, erysipelas, and 
the catastrophic infections of supposedly a.septic operative fields with this 
organism. The streptococcal pneumonia and empyema which accompanied the 
influenza epidemic of 1918 rvas a new disease to a generation of doctors. They 
had no precedents which defined it. In the past three decades, as far as my 
own experience is concerned, the disease is, for all practical purposes, extinct. 
During the 1914-1918 War, however-, it gave rise to the Empyema Commission, 
which in the minds of thoracic surgeons is identified tvith Dr. Evarts Graham. 

Follorving the entrance of the United States into World War I, Dr. 
Graham* was on duty as a captain in the Jlcdical Corps assigned to take a 
course in neurosurgery in Chicago uhen he was visited by Dr. Allen Kanavel 
who was on duty as a consultant in the Office of the Surgeon General of the 
Army. Kanavel told Graham that there was grou-ing apprehension about diffi¬ 
culties ahead with empyema as the country was then in the first year of an 
influenza epidemic which would undoubtedly increase in severity—^tvould he 
be interested in working on the problem? Graham knew little or nothing 
about chest surgery at that time but was interested in nitrogen loss from 
massive exudation and had been selected because of this interest and his 
chemical training. Shortly after Kanavel’s visit, Grahanr received orders to 
Camp Lee, there to team up with Dunham, who was working on the bac¬ 
teriology of the disease. Graham and Dunham were joined by Captain Bell, 
a chemist of the Sanitary Corps who died a few years after the war. These 
three formed the hard nucleus of what became known as the Empyema Com¬ 
mission. With the help of Kanavel, a questionnaire was issued to camp hos¬ 
pitals and it was found that the average mortality rates attributed to strepto¬ 
coccal empyema were running approximately 30 per cent. The surgical staffs 
of the camp hospitals were stubbornly antagonistic to members of the Com¬ 
mission, whom they regarded as “snoopers” from the Office of the Surgeon 
General. Opportunities for observation, however, could not be denied and dis¬ 
closed that cyanotic patients, -svith pulmonary resei-ves crippled by massive and 
oftentimes bilateral bronchopneumonia, were being hurried to an operating 
room as soon as thoracentesis jielded fluid containing chains of streptococci. 
The operation was rib resection with open tube drainage. Death occurred 
quite regularly about a half an hour after the operation. 

•This account of the formation and activities of the Umpyema Commission was related 
to me by Dr Graham 



288 


CHUECHILL 


J. Tiioracic SurR. 
March, 1958 


It will be recalled that Sir Berkeley Moynihan had in the autumn of 1917 
delivered the address in which he repeated the claims of Duval that the chest 
cavity could be opened as readily as the abdomen. "When Graham, during his 
visits to army camp hospitals, expressed apprehension about the open pneumo¬ 
thorax which attended rib resection for empyema he was asked who he thought 
he was to contradict the great Moynihan. When Graham cited an actual case 
in which a cyanotic and dyspneic soldier had died on the operating table that 
very morning and asked if the open pneumothorax might not have been a 
contributing factoi-, the reply was; “No, he died because we didn’t operate 
soon enough. ’ ’ 

Early evacuation of streptococcal pus was taught as a dogma of the 
surgery of the period; tendon sheaths were opened on the least suspicion of 
infection and oftentimes a spreading streptococcal cellulitis was slashed with 
multiple incisions long before fixation ab.sce.sses appeared. Graham was cer¬ 
tain that the open pneumothorax was a factor in the deaths from empyema 
but at that time was not familiar with the literature on open pneumothorax, 
nor did he have sufficient observation or experiments to prove his point. 

In 1890, Biilau^® had advocated drainage of empyema by the “closed” 
catheter technique, and the relative merits of closed drainage and open drain¬ 
age by rib resection had been widely discussed in Gei-man-speaking eountiies. 
Emphasis, however, had been placed on the prevention of retraction of the 
lung and the quick healing which might be obtained, not on the immediate 
hazards of open pneumothorax nor on the rediiction of functional lung volume 
to a point below tidal air requirements merely by the admission of air to the 
pleural space. 

In December, 1918, Evarts Graham^** wrote: 

“During the past year the idea has become prevalent in this country 
that operations upon the thorax which permit of the free entrance and 
exit of air into the pleural cavity during the operation can be per¬ 
formed •with about the same impunity as abdominal operations. In 
fact, the belief has arisen that surgeons at the front have found that 
alterations of the intrathoracie pressure by the admission of air 
through extensive incisions or large gaping wounds are in themselves 
not dangerous, and a feeling of optimism exists that now bold surgical 
intervention on the thorax may be carried out. It has been said con¬ 
sequently that the danger from creating an open pneumothprax in 
early operations for empyema ■udth permanent drainage is negligible. ’ ’ 

Despite the developments aiid inventions and increased understanding of 
three and a half centuries, the army surgeons of 1918 were caught off balance 
when confronted by the old dilemma of Pare. The same problem presented 
itself in a slightly different form: Avhether to accept an open pneumothorax 
Avith the danger that the vital spirits Avould depart and vanish or to strive for 
a closed chest cavity with its hazards of infection and increasing encroachment 
on pulmonary ventilation by fiuid and air in the pleural space. The problem 
Avas solved in the same Avays that Avere devised by those Avho folloAved Pare— 
the insertion of a catheter and evacuation of the pleural ca-vdty by “closed 
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Aramngc" (Biil.ii!), or iojiratcd aspiration witii iieecJIc aiul syiinge until 
pleural adhesions loeahred an tdisi iss that eonid be drained by rib icscetion 
without retraction of the lung In the wolds of Guthiie, the fiist object he- 
eaine that of saving life, attti that it time weie given, the next was to relieve 
the loaded cavity 

This display of ignoianie ol the principles that form the foundation of 
thoracic surgery annoyed and disinayed the few surgeons in this eountiy who 
were familiar with the jn ogii ss \\Inch had been made in Germany prior to the 
1914-191S AVar. In his Piosnhntial Address of 1922,’' Samuel Robinson spoke 
scoinfully of those vho noiikl apply their war exiierience to that bugaboo of 
civilian surgeiy—hi onelneitasis 

“It has always been mt belief that the gieatest tiiumph in 
thoracic surgciy will be fhi suigieal eradication of this deplorable 
disease. The enthusiast letiiins fiom the war who has often diagged 
a lung lobe into a spi ead thoiaeie wound, opened it, scraped it, washed 
it—yea, oven lemored it—and concluded, therofioiii, that intra- 
tlior.ieie suigeiy is tieed ot its supposed dangois, and that the possi¬ 
bilities theioin are coniji.ii.ibh to those in the abdomen. Let him 
attempt the same pei toiinance in Ins homo hospital in a case of lower 
lobe hronchioetasis Then will he barn what leal thoracic pathology 
means.’’ 

There follows a vivid woid piituie ol the surgical undertaking of lobectoniv 
which ends ahiuptly until the ominous and ciyptic statement “Suddenly, it 
is obviously time to lotuin the p.atient to Ins bed Not much has been aoeom- 
pHsliod.” 

Samuel Robinson,** an advocate of uhculntcl, bad nitioduccd the poutne 
pressure cabinet for thoracic operations at the Jtassaebusetts Gcnoial Hospital 
in 1909. Dr. AVilly lleyer”’ worked nith a chamber at the Gorman Hospital in 
this city in the same year Tins uiiiveisal chamber combined the piinciples 
of nhcrdrucl and untcrdruck and allowed for a wide langc ot piessuio condi¬ 
tions. Both Robinson and Jleyci weie scliolais of the surgical litcratuie and 
both were in close touch with the pi ogress in Germany. 

It was against this background that your association which is tonight 
celebrating its fortieth anniveisary was oiganized By the aitiele of its 
Constitution which appeals as the motto of this addiess, this Society 1ms 
brought light to the surgeons of twentieth century America ns did John of 
Vigo and Paie to their colleagues of the Renaissance. 

Much of the subject matter of this address uas presented in the Mitchell 
Lecture at the Umversitj of Li\erpool on November 3, lO-iS, but not published. 
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Table I. Classification for Coarctations of the Aorta 


Type I Coarctation of the aorta with 

T 3 rpe II Coarctation of the aorta with 


Type III Coarctation of the aorta with 

Tj^pe IV Coarctation of the aorta with 

T 3 T)e V Coarctation of the aorta with 


—ligament (liganientum arteriosum) 

—shunt, proximal or distal (patent 

ductus arteriosus 
—hypoplasia 
—(isthmus) interruption 
—site elsewhere (specif 3 ') 

a. ascending aorta 

b. aortic arch 

c. descending aorta (thoracic or ab¬ 
dominal) 

d. multiple coarctations 



Fig:. 1.—Type I. Coarctation of the aorta with ligament (llgamentum arteriosum). 

Type I. Coarctation of the Aorta With Ligament. —(Fig. 1.) According 
to Gross^ this type encompasses fully 98 per cent of all coarctations of the aorta. 
This is the common tj^pe of lesion tvhich is encountered just distal to the origin 
of the left subclavian arteiy in the course of the descending aorta. “With 
ligament” indicates that the ductus arteriosus has become obliterated and no 
longer is patent or capable of acting as a shunt. This being the case no im¬ 
portance can or should be attached to the point of attachment of this embryonic 
remnant to the great vessel. Its chief imi^ortance to the surgeon is as an aid 
in locating and dissecting out the left recurrent larjmgeal nerve. These lesions 
usually involve but a very short segment of the aorta. However, those lesions 
3vhieh involve a longer segment but still occur in this region are included under 
this heading. 

Type II. Coarctation of the Aorta With Shunt, Proximal or Distal 
{Patent Ductus Arteriosus). —(Fig. 2, A and B.) The location of the lesion 
under this heading is approximatelj’- the same as in Type I, but there are very 
important differences. 

"Wliether the ductus is proximal or distal to the coareted segment is sig¬ 
nificant. Those occurring proximal provide a passage for a left-to-right shunt 
of blood as a logical result of the application of the higher arterial pressure in 
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the aorta against the lower pulmonarj aitenal piessiue Howovei, if the ductus 
aiteiiosus joins the aoita below the point of tlie aoitic naiiowing the higher 
pulmouaij aiteij piessnre tends to pioduce a light to left shunt into the lowei 
aortic segment Thus, tlie lowei poition of the body maj be iiouiwhed laigeh 
bj \enous blood from the pulmonal^ arteiy It is iii these cases ot light to 
left shunt that an obseiiei mai note cjanosis limited to that poition of the bodi 
which IS below the ciest ot the ilium 

If the sliunt is measuied bv catheteiization and calculated in liteis pci 
minute, a mimbei mat be placed aftci the teim “pioMnial” oi ‘distal” to 
indicate the amount of the shunt 



A E 

Pig- Tipe II t t n of t> e aorta Tilth shunt proximal or thstal (patent dxictus 

arteriosus) 

Thcoietic ilh tlicie sre two leniaining situations which may occur in thi-s 
type of anomsh wliirli must be eonsideied foi the system to bo complete If 
for any leasoii the shunt should leierse itself fiom its usual (foregoing) couise, 
the word ‘leinssl nnj be used followed bj a number which indicates the 
amount of flow 1 asth there is a possibihtj that the shunt, 1111011 measured, 
may be in “bilincc To giie an example 

Type II (eoaictation of tho aorta with shunt), pioximal, 1 L/niin 
or 

Type II, distal, 3 L /mm 

01 

Type II, pioMiml, reicrsed, 15 L/mm 
or 

Type II, distal, icierscd, 2 L/mm 
or 

Tjpe II, distil, balanced 
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The various combinations of possibilities readily come to mind and the ease and 
simplicity with which they may be identified are apparent. 

Type III. Coarctation of the Aorta With Hypoplasia .— (Fig. 3.) In 
hypoplasia, the aorta in most instances is of normal size up to the site of tlie 
pathologic lesion. Distal to it, the entire length of the great vessel is grossly 
diminished in size usually including its bifurcation and the iliac arteries. Once 
the involved eoarcted segment, which usually is found at the site of Tj^pe I 



Fiif. 3.—^Type III. Coarctation of the aorta with liypoplasia. 


lesions and not long, has been excised and continuity re-established by an ade¬ 
quate anastomosis, the hypoplastic portion may prove to be an adequate passage¬ 
way for blood flow. Associated anomalies of the left subclavian artery or an 
anomalous origin of the innominate or left common carotid artery may give rise 
to very unusual and interesting physical findings and I’adiologie obseiwations, but 
have little to do with the classification of the basic lesions. Barely, the hjTO' 
plasia may involve the aorta from its origin and include the coarctation. 

AVe do not accept the idea that the lower pressure in the distal segment in 
itself is responsible for the small caliber of these uncommon cases. If the lower 
pressure and a decreased blood flow were responsible in them, hypoplasia also 
should be a most frequent flnding in con.iunction with Tjqie I lesions. 
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Type IV. Coarctation of the Aorta With Isthmus Interruption. —(Fig. 4.) 
Tlie isthmu.? of the aorta is that portion which lies just distal to the origin of 
the left subclavian artery and before tlie beginning of the descending thoracic 
portion of the artery. In the relatively long gap between the proximal and 
distal segments of the interrupted aorta there is, in most instances, a rudimentary 
remnant represented by a small fibrous strand of tissue which joins the two 
portions. Less commonly, this band may be lacking. 

Invariably, in this condition, there is a large patent ductus arteriosus aris¬ 
ing from the usual site on the pulmonary artery and inserting into the begin¬ 
ning of the distal segment of the aorta. Through this ductus, venous blood 
enters the lower segment to nourish the lower part of tiie body. Hence, cyanosis 
exists below the level of the iliac crests. These cases must be separated clinically 
from those of Type II ^vith a distal shunt. 



Fig:. 4.—Type IV. Coarctation of the aorta with isthmus Interruption. 

Pathologically, Type IV coarctations may occur without the association of 
a patent ductus ai’teriosus, but this is an extremely uncommon form of the 
anomaly. IVe have seen only one in.stanee of this situation and it was accom¬ 
panied by multiple congenital anomalies which caused death soon after birth. 

Type V. Coarctation of the Aorta With Site Elsewhere. —(Fig. 5.) By 
definition, this category includes all coarctations located other than at the com¬ 
mon site and not specified above. There arc only a few such case reports in 
the literature covering this type, but for the sake of completene.ss a proper 
classification must include them. Of all types, this variety is the least fretpient. 

a. Ascending aorta—^Minor degrees of the lesion at this site are 
compatible with life, but a major degree of involvement may be fatal 
soon after birth. (Fig. 5, A.) 

b. Aortic arch—The lesion may occur in this locatioii'-bctwocn 
the origins of two of the vessels arising from the arch. (Fig. 5, S.) 
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c. Descending aorta—All lesions other than those of liypoplasia 
aie inclnded here that are not Tj^pe I, Init which occur in the remain¬ 
ing portions of the thoracic or abdominal aorta. 

d. Multiple lesions—Various combination of more tlian one of the 
above situations may occur. (Fig. 5, C.) 



A. B. c. 

Fig:. 5.—Type V. Coarctation of the aorta with site elsewhere. A, Ascending aorta, minor 
degrees. B, Aortic arcli. O, Multiple lesions. 


DISCUSSION 

A definite need for a comprehensive yet simple classification of coarctations 
of the aorta has been attested to in the writings of numerous autliors. Tliis 
need has been magnified by the developments of tlie current era of surgery. 
Viewed in the light of its magnitude, the surgical treatment of these anomalies 
is well defined and established with a very high cure rate and a very low mor¬ 
tality and morbidity rate. It seems self-evident that the cardiovascular sur¬ 
geons of the world should have a standard, generally accepted, system of des¬ 
ignation and classification of these anomalies so that writings, teachings, and 
communications on the subject will be facilitated. 

In the foregoing classification, an attempt has been made to list the lesions 
by type in the order of their comparative incidence, the most common type being 
placed first and the rarest last. 

It is fitting to explain why the isthmus interruption type (Type IV) with 
its patent ductus arteriosus should be differentiated from the Type II shunt, 
distal. The only feature common to these lesions is the patency of the ductus 
arteriosus producing a right-to-left shunt to the lower aortic segment and venous 
perfusion of the portion of the arterial bed. Here the similarity ends. If and 
Avhen the etiology of these anomalies becomes known, we venture to say that 
the two types under discussion will vary appreciably as to their oiigin. It 
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seems to us that the importance of physical absence of a segment of the aorta 
is of such anatomic, pathologic, and physiologic import as to justify a distinct 
and separate designation. 

The fact that in nearly every Type IV patient either an aortic homograft or 
a plastic prosthesis will be required to bridge the relatively long defect, whereas 
simple resection of the coarctation and direct end-to-end anastomosis ivill suf¬ 
fice in the vast majority of Type II lesions serves further to emphasize their 
dissimilarity. 


summary and conclusions 

The need for a more satisfactory method of classifying coarctations of 
the aorta has been noted. A brief review of the current confusion and the 
incompleteness of prevailing methods has been presented. 

A completely new and comprehensive, but short and simple system has 
been devised for their classification and presented with a brief discussion of 
its propriety. 
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BACTERIAL AND MYCOTIC ENDOCARDITIS FOLLOWING 

CARDIAC SURGERY 

Report of a Case 

Bong IIak IIyun, M.D., Elizabeth A. Dawson, M.D., and 
Robert E. Pence, M.D. 

Philadelphia, Pa. 

B acterial endocarditis is now recognized as an occasional complication of 
cardiac surgery. A review of the literature has revealed a single case of 
Candida albicans endocarditis folio-wing cardiac surgery. We report here a 
case of bacterial and mycotic endocarditis following circumferential suture of the 
mitral valve ring. 

CASE REPORT 

A. H., a 32-your-old white male Baptist minister, was admitted to the Cardio-thoracic 
Surgical Service (Robert P. Glover, M.D., Chief) of The Presbyterian Hospital in Phila¬ 
delphia on Sept. 1, 1955. His chief complaint was a “rattle on chest” of one year's dura¬ 
tion. A heart murmur was noted during an army physical e.vamination in 1942 and, in 
1945, lie complained of “palpitations.” His general condition was good until one year 
prior to admission when ho developed a "rattle on chest," which was relieved in the erect 
position. Ho remained active, however, on digitalis and diuretic therapy. He had no 
peripheral edema and no cough. No history of rheumatic fever could be obtained. 

His past medical history included the usual childhood diseases, a tonsillectomy and 
pneumonia in childhood, and a loft nephrectomy at 17 years of age for a “pus kidney.” One 
sister had died of rheumatic fever. 

On admission ho was a well-developed, well-nourished, white man in no acute distress. 
'I’ho blood pressure was 120/75 mm. Ilg and imlse rate OS per minute. The point of maximal 
cardiac impulse was felt at the anterior axillary line in the sixth intercostal space. A 
normal sinus rhythm was present. A Grade 3 "harsh” systolic murmur was transmitted 
throughout the entire precordium, and a Grade 2 systolic thrill was present at the apex. 
A Grade 2 “rough" systolic murmur was also present in the aortic area. No diastolic mur- 
nuu'S could bo heard. The diagnosis on admission was rheumatic heart disease with pre¬ 
dominant mitral insuflicioncj^ and associated aortic stenosis. The patient was regarded as a 
good operative risk. 

The results of initial studios were ns follows: hemoglobin 15.8 Gm. per 100 ml.; 
erythrocytes 5,700,000; leukocytes 7,500; normal differential; urinalysis negative; sedi¬ 
mentation rate 0 mm. per hour; bleeding time 1 min., 45 sec.; coagulation time (capillary 
method) 4 min.; prothrombin time 12.5 sec. (100 per cent). The electrocardiogram was 
reported as showing combined heart strain and probable atrial hypertrophy. The chest 
x-rays were reported as compatible with mitral insufficiency and some degree of mitral 
stenosis. 

An attempt at cardiac catheterization was not entirely satisfactory because of veno- 
spasm. The right saphenous vein eventually had to bo used and the pulmonary artery 

I^om the Laboratories of The Presbyterian Hospital in Philadelphia, Pa. 

Keceived for publication April 1, 1957. 
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could not bo entered The incomplete study revealed a moderate elevation of right 
ventricular pressure and a normal right atnal pressure An interventricular septal defect 
was thereby ruled out 

With a preoperative diagnosis of predominant mitral insu&ciencj, operation was 
undertaken on the eighth of September A total circumferential suture of the mitral nngv 
was accomplished without apparent diflicultj The three hour operative procedure was well 
tolerated by the patient He received 1,500 cc of whole blood while on the operating table 
At operation, the left atrium and ventricle were moderately enlarged and the right atrium and 
ventricle were enlarged to a lesser degree A Grade 4 systolic thrill was felt over the left 
atrium and pulmonary veins The aortic valve seemed free of disease after examination bv 
external palpation No thrombotic material was present in the left auricular appendage 
On internal palpation of the mitral valve, a 5 finger annulus with a 3 finger valve orifice 
was found The mitral leaflets were thin and pliable but did not approximate in systole 
With the purse string in place the annulus was reduced to a 3 finger diameter with favorable 
pressure changes The insufficiency was thought to be improved by 90 per cent 

The immediate postoperative course was uneventful A few riles in the chest on the 
fifth daj cleared after Thiomenn was given On the twelfth postoperative dav, a chill and 
fever of 104® F developed E coli was recovered from the urine and hemolytic Sfapli^lococcnts 
artreus from the blood A diagno'^is of acute bacterial endocarditis was made, and treatment 
with intravenous penicillin was begun For eight dajs the temperature spiked between 
99® and 104“ F 

From the fifth to the eighth week of hospitalization, the patient’s condition remained 
stable, and the temperature never rose above 98 6® F Intravenous pcnicillm was continued 
for eight vveeks, along with other antibiotics (Fig 1), and tlicn was supplanted by oral 
penicillin In less than twentj four hours, chilli and fever of 102® F recurred, and a 
hmeljtie Stoplijjlococcns auyeus was again reeavered from the Weed Intravenews penieiUin 
was restarted in larger doses, and at the end of the ninth week the patient’s temperature was 
again normal Some abdominal pain and tenderness, nausea, and tinnitus were present but 
disappeared when aspirin was discontinued 

Prom the tenth to the thirteenth week the patient’s temperature remained below 99 4® F , 
although his general condition remained poor He appeared weak and lethargic, with occa 
sional bouts of acute pulmonary edema During the eleventh week, adrenal cortical in 
sufficiencj was suspected, and serum electroljte studies were as follows Na 121 nieq/L, 
K 59 meq/L, Cl 78 8 meq/L, and CO 15 7 meq/L The urinary 17 ketosteroid excretion 
was 2 3 mg per twenty four liours With hormone therap>, including ACTH, cortisone, and 
DOCA (desoxj corticosterone acetate), and adequate intravenous electrohtc solutions, the 
patient’s strength and appetite improved 

During the thirteenth week in the hospital, the intravenous pcnicillm was once more 
discontinued in favor of oral penicillin Within thirty six liours, the patient’s temperature 
began spiking again and varied between 97® and 304 4® P until death Hemolytic Stnphylo 
coccus aureus was once more recovered from the blood during this period It was suggested 
that a misplaced "purse string ’ might bo harboring the organism, in which case the prognosis 
would seem hopeless Intravenous penicillin was restarted, but this time without much 
success A serum calcium of 8 2 mg per 100 ml was recorded following the appearance of 
physical signs suggesting tetanj Intravenous calcium gluconate relieved this situation and 
elevated the serum calcium to 10 2 mg per 100 ml The patient eventually became cxtremclv 
lethargic and died 111 days after admission to the hospital 

Autopsy Findings —autopsy a diffuse fibrinous pericarditis was found, the pen 
cardium being loosely adherent to the sliaggj epicardial surface The pleurae showed areas 
of fibrous adhesions, and the right thoracic eavitv contained a liter of pale vellow fluid 
There was no evidence of arteriosclerosis in the aorta or peripheral vessels The lieart 
weighed 775 Gni and showed marked hypertrophy of the myocardium All rardme chambers 
were dilated. The left auricular appendage was absent There was cvilcnco of healed 
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rheumatic valvulitis involving mainly the mitral valve, but also the aortic and tricuspid valves. 
The mitral ring was ^videly open, admitting 4 fingers easily and measuring 12.0 cm. in cir¬ 
cumference. The mitral cusps were markedly fibrosed and contained deposits of calcium. The 
chordae tendineae were exceedingly thick and firm. The posterior hemicircumference of 



Fig. 1.—Clinical course of patient with deletion of two stable periods. 


the “purse-string” suture was seen free in the left auriculoventricular lumen. This portion 
of the suture measured 6 cm. in length and was covered with a 5 by 2 by 2 cm. irregular, 
friable, grayish-brown to brotvnish-red thrombus (Pig. 2). This thrombus was made up of 
fibrinous material containing colonies of Staphylococci and extensive fungus growth. Shallow 
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ulcerations coNcred \Mth fibrinous material ucre seen at t!»e sites uliere the «aiture «as attached 
to the uall of the heart. Microscopic examinations of the heart re\ealcd nijocarduil hjper- 
trophj, “mall focal infarct^, focal fibrosis, fat leplacement, hemo'«idero“i“, and foreign bod\ 
granulomala. Evidence of healed rheumatic valvulitis and reactivated pancarditis was also 
obseried. The areas of ulceration displajed acute and chronic inflammation without 
bacterial or fungus growth. 

The lungs together weighed 1,475 Gm. and showed severe congestion and edema. 
The spleen weighed 700 Gm. Marked pas^^ive congestion and multiple infarcts were noted 
A small artery exhibited necrotizing vasculitis, apparently resulting from bacteremia. The 



Fiff 2—View of mitral ring showing intraluminal portion of “purse-strlns” witli thrombus 

left kidney was absent, having lieen removed previously. The right kidney weighed 400 
Gm, and slioued compensatory hyiiertrophy. Several recent infarcts and areas of acute and 
clironic pyclonopiiritis were observed, although no cocci or fungi were seen. The liver weighed 
2,600 Gm. and showed marked clironic passive congestion. Other findings included moderate 
depletion of the adrenal cortical lipids, diffuse reactive hyperplasia of the bone marrow, 
and congestion and slight interstitial inflammation of the pancreas. 

DISCUSSION 

Fourteen cases of bacterial endocarditis following cardiac surgery' have been 
reported in the literature.-*® Tims, while not a common com])lication, it occurs 
witli sufficient frequency that it must be regarded as one of tlie liazards of sucli 
surgery. In the majority of instances, the olTending organism has been a 
hemolytic staphylococcus. 
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Mycotic endocarditis is still a rare disease. Kunstadter and associates," in 
1952, found 24 cases in tlie literature and added anolher due to Candida albicans. 
Several other well-documented reports have appeared in the past live years.’"-'' 
Recently a ease of mycotic endocarditis following cardiac surgery has been 
reported.-’ Candida appears to Im the most freciuent offender, having Ijeeii 
responsible for endocarditis in 10 out of 25 cases analyzed by Kunstadter and 
co-workers." Aspergillus,’"-” Actinomyces,”- ”• and histoplasmosis"- have 
also been reported as the cause ol endocardial involvement. 



Fier. 3—^PhotomicroBrapli of tlirombotlc material fiom "purse-strint;" sliowlnB mycotic giowth 

(periodic acid-Schlff stain) 

Endocarditis due to a combination of bacteria and fungi has been previously 
reported by Joachim,’" Geiger,” Koehlmeier" and their associates, but to 
our knowledge this is the first such report subsequent to surgery of the heart. 

At autopsy, a portion of the circumferential sutuie used to effect reduction 
in size of the mitral annulus was found lying free in the left auriculoventricular 
lumen, having been misplaced at the time of surgery. Its presence in the lumen 
afforded a site for formation of a thrombus in Avhicli organisms could lodge and 
multiply. A hemolytic Staphylococcus aureus was recovered from 4 of 17 ante¬ 
mortem blood cultures, and microscopically the thrombotic matoi’ial from the 
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“purse-string” contained colonies of Staphylococci. In addition, this thromhotic 
material also showed extensive mj-cotic growth. The fungi, identified as Candida 
albicans with hematoxylin and eosin and periodic acid-Shiff stains,’ were 
arranged in a foliate pattern, showing septate mycelia and yeastlike cells 
(Fig. 3). Since the myeotie component was entirely unsuspected at the time 
of autopsy, culture studies were not done. 

The extensive use of antibiotics and chemotherapeutic agents in recent ycai's 
apparently has resulted in an increased incidence of mj’cotio infection,’’’ '*■ ” 
as predicted by Zimmerman in 1950.” Evidence has also been presented that 
widespread use of steroid hormones may be responsible for enhancement of 
fungous infectious.*®’ lu addition, increased .susceptibility duo to the 

primary disease and the nature of the local lesion is also important.’”’ In 
the ease presented all of these conditions probably obtained in favoring growth 
of the fungus. 

AVhile differences between sensitivity of organisms to antibiotics in vitro 
and in vivo are well recognized, it is of interest here that this Staphylococcus 
was penicillin resistant in vitro, yet seemed to be controlled by large doses of 
intravenous penicillin. Although other antibiotics were used sporadically, chills 
and fever with positive blood cultures promptly recurred on the two occasions 
when intravenous penicillin was discontinued in favor of smaller doses of oral 
penicillin. 

SUMMAllT 

A ease of bacterial and mycotic endocarditis following circumferential 
suture of the mitral ring is reported. Its unusual features and the probable con¬ 
tributory factors are discussed. 

Wo are indebted to Dr. Robert P. Glover and his associates for permission to use 
tins material and to Mr. Joseph Sunner for the illustrations and pliotograph. 
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EXPERIMENTAL BILATERAL TRANSSTERNAL THORACOTOJIY: 
FACTORS IMPROVING SURVIVAL 
Allan B. Kortz, M.D. 

Denver, Colo. 

INTRODUCTION 

A BILATERAL transsternal thox-acotomy affords optimal access to the 
heart and great vessels, and is of particular value in e.xperimental sui-gei'y 
because it simulates the technical exposure employed in human patients during 
most intracardiae aixd pei-icardiac operatioixs. Earlier, this approach xvas 
attended by a high mortality in our laboratory, and many visitoi’s to our de¬ 
partment stated that they had abandoned this incision in their own experi¬ 
mental pi’eparations in favor of the less ti’aumatic unilateral thoracotomy, be¬ 
cause of inability to obtain long-term sui'vival folloxving the more extensive 
procedure. 

In conjunction with our recent cffoi'ts to prevent ventiicular ftbidllation 
during right ventriculotomy and hypothermia, an experimental operative 
technique which reproduced its clinical counterpart was considered essential. 
This required the bilateral transsternal exposure, and stimulated us to evolve 
a program of operative management and postoperative care wliioh would yield 
an acceptable mortality rate. 

5IATERIXLS AND 5IETHOD.S 

Mongrel dogs weighing fi-om 6.4 to 16 3 Kg. were chosen at I’andom from a 
large isolation run. The only selection involved was an attempt to exclude 
those animals xvhieh were obviously ill or xvithin tlie extx'emes of age. None 
received any special preoperativc diet or therapy. No pre-anesthetic medica¬ 
tion xvas employed. Sodium pentobarbital xvas administered intravenously as 
the anesthetic. The dosage xvas adjusted to eliminate the latei-al eanthal reflex 
xvith presexwation of the medial, xvhieh required about 30 mg. per kilogram of 
body xveight. Folloxving tracheal intubation, the animals xvere placed in an 
ice-xvater bath, and positive-pressure respiration xvas begun xxdth 100 per cent 
oxygen, at about 40 respii’ations per minute. Removal from the ice xx-ater xvas 
done xvhen a rectal temperature of 29° C xvas reached. A further decline of 
3° to 5° C. occurred, so that the expei-imcntal procedures xvere performed at 
a rectal temperature of 24° to 26° C. 

From the Halstcd experimental Laboratorj of Surgical Rc'?earch, Department of Sur¬ 
gery, Uni\ersity of Colorado, Den\ci. 
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All of the aiiimals ixnderwent bilateral transsternal thoracotomy through 
the fourth intercostal space. Eight ventriculotomy was then performed during 
an inflow-outflow circulatory occlusion of from 8.5 to 13.0 minutes. 

After the release of the inflow occlusion and reconstitution of a normal 
circulation, the following protocol was observed carefully: 

1. Continued observance of aseptic technique. 

2. Loose closure of the pericardium with interrupted sutures of No. 4-0 
black silk. 

3. Bilateral water-sealed chest suction for 2 to 8 hours, depending on the 
immediate postoperative activity of the animal. 

4. Approximation of the sternum with two crossed parasternal No. 28 or 
No. 32 wires. 

5. Approximation of the rib cage on either side vdth a single No. 28 or 
No. 32 pax-aeostal vdre. 

6. Careful four-layer (intercostal bundle, pectoral muscles, fascia, and 
skin) closure of the thorax. 


7. Replacement of blood loss with whole blood or a plasma-volume ex¬ 
pander—about 10 to 15 nil./Ivg. 

8. Intramuscvilar administration of hletrazol (pentylenetetrazol) 100 mg. 
(1 ampule) per kilogram of body weight, immediately postoperative. 

9. Eewarming in a water bath at 40° to 45° C., where the animal re¬ 
mained until a rectal temperature of 32° to 36° C. was achieved (spontaneous 
respiration alwaj’^s followed cessation of the positive-pressure breathing in 
this temperature range). 

10. Routine bronchoscopy on the morning following oixeration of all dogs 
weighing 10 Kg. or less, and immediate bronchoscopy of all other dogs develop¬ 
ing persistent cough on the first or second postoperative day, small doses of 
sodium thiopental being used intravenously as the anesthetic. 

11. Administration of antibiotics (penicillin and streptomycin) for the 
first 72 postoperative hours. 

If ventricular fibrillation occurred at any point during the operative pro¬ 
cedure, it was allowed to persist throughout the predetermined period of circu¬ 
latory occlusion. Then electrical ventricular defibrillation was achieved as 
described elsewhere, with particular attention to the prevention of epieardial 


and myocardial burns.^ 

“Survival” has been assigned ai-biti'arily as implying 


“alive and well'’ 


seven days postoijerative. 


RESULTS 


Thirty successive dogs undenvent bilateral transsternal thoracotomy, hjTO" 
thermia, and right ventriculotomy as described. Of these, 10 developed ven¬ 
tricular fibrillation during the operative procedure, and each was successfully 
deflbriUated electrically. Twenty-nine animals surndved. The one death oc¬ 
curred as a result of an overdose of barbiturate prior to bronchoscopy on the 
first postoperative day (Table I). 
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Table I. Seuyival op Dogs 'DsuEEGorao Bilateral Transsteenal Thoracotomy 
Dueino Hypothermia 


BOGS UNBERGOING TRANS¬ 
STERNAL THORACOTOMY 

1 ALIVE 7 BAYS TOSTOPERATIVE 

SURVIVAL 

30 

to 

to 

07% 


•The one death was due to an overdose of barbiturate prior to bronchoscopy. 

DISCUSSION 

The protocol of thoracic closure and early postoperative care as presented 
here permits the use of the bilateral transsternal thoracotomy in experimental 
animals without imposing an increased operative hazard. The relative im¬ 
portance of each eomponent has not been evaluated, hut presumably no single 
aspect is crucial. 

Closure of the pericardium assures a stable midline position of the heart; 
otherwise, torsion of the venae cavae could occur with resultant embarrass¬ 
ment of right heart filling when the animal is turned from side to side during 
the recovery period. 

Careful examination of the thorax, followed by underwater drainage of 
both hemithoraces, permits complete and permanent expansion of the lungs. 
Meticulous suture of the posterior angles of the ineision as well as the para¬ 
sternal regions is essential. 

Maintenance of a normal blood volume appears as practical here as in 
other major operative procedures. 

Rapid rewarming and reversal of barbiturate effect ivith Metrazol allows 
the animal to.be awake and ambulatory a few hours following operation. In 
addition, Metrazol encourages deep breathing with its attendant benefits. No 
convulsions have been noted following the use of this analeptic in the dosage 
employed here. No clinical evidence of heart failure (tachycardia, rales, or 
distention of tongue veins) was observed during or after the period of rapid 
rewarming to a rectal temperature of 33° to 38° C. 

On the morning following operation, bronchoscopy was performed in most 
animals. In those that underwent endoscopy, mucous plugs of varying sizes 
were recovered from the traoheobroncial tree. A complete cast of the lower 
trachea and both bronchial trees was removed from one animal. The forma¬ 
tion of these accumulations of mucus is thought to be secondary to poor tussive 
efforts in the early postoperative period, and serves as a further recommenda¬ 
tion for the expeditious return of the animal to consciousness postoperatively. 

In addition to the technical advantage of the transsternal thoracotomy, 
a more subtle indication for its use in cardiovascular research may exist. 

Hypothermia has proved to offer a satisfactory means of correcting certain 
cardiovascular anomalies under direct vision, i.e., interatrial septal defect, 
pulmonary stenosis, and aortic stenosis.’’® However, operating within the open 
ventricles during hypothermia has had limited application because of the 
threat of ventricular fibrillation. Recently, efforts have been made in many 
laboratories to overcome this disadvantage.”’"’ However, the basic experi- 
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mental preparation varies from one investigating group to another. Our owii 
experience in the past two years suggests that the bilateral thoracotomy is 
associated with a higher incidence of ventricular fibrillation during hypother¬ 
mia than is the unilateral aiDproach. If this is indeed so, standardization of 
this fundamental aspect of the experimental preparation among research 
groups would seem advisable. 

The standard procedure of choice may be the bilateral approach, since it 
duplicates the clinical situation under which many of the experimental tech¬ 
niques will eventually stand trial. 

SUMMARY AND CONCLUSIONS 

Bilateral transsternal thoracotomy provides optimal exposure of the heart 
and great vessels. It is of particular value in experimental cardiac surgery, 
because it duplicates the clinical situation and provides a standard preparation 
for interlaboratory comparisons. A method of wound closure and early post¬ 
operative management is presented which permits performance of this more 
extensive procedure with little or no increase in operative risk. 
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PNEUSIOMBDIASTINini PHYSIOLOGIC OBSERVATIONS 
"W vTTS R Webb, M D , J H \bvey Johnston, Jk , JI D , 

\ND James W Geisler, 31D 
JVCKSON, SIiss 

A ir may entei the raediastmiim following trauma iinolving the tiaehea or 
t esophagus, dniing opoiative procedures in the neck in which the pre 
tracheal faseia has been opened, or “spontaneously” from the king Foibes and 
CO workers^ have demonstrated evpeiimeirtally that, following opening of the 
pretracheal faseia as m a tracheotomj”, air may be sucked into the mediastinum 
to produce mediastinal emphjscma and a pneumothorax This process is aug 
mentcd by labored respiration Bouden and Seliweiaei,' in 1950, reported 18 
cases of pneunrothonv and 2 eases of mediastinal cmphjsema following oper 
ations upon the head and neck, r\hicli developed presumably by tins same 
mechanism 

That these patients have severe sjmptoms, even leading to death, has been 
reported and confirmed many times Usuallj it has been assumed that the 
meohauism producing the sjmptoms is the derolopinent of an under tension 
m the mediastinum This causes embarrassment of the tenons return in the 
teiiae eavae, lowered cardiac output ttitli lijpotension, and cireulatoiy failure 
unless the pressure is released As there is some reason to doubt that sufficient 
pressuie can be deteloped in the mediastinum to impede tenons letuiii sen 
ously, this piohleni has been expeiniient illy leappi aised 

John and Nisseii^ injected air into the mediastina of puppies and did pro 
duce asphjsia with a falling arterial blood pressuie leading to peripheral cir¬ 
culatory collapse Howetei, these espeiimcnts ttcie not controlled to deter¬ 
mine the effects of the frequently accompanying pneumotliorav Later, Ballon 
and Pianeis* injected ait into the mediastinum, inflated rubber balloons in the 
posterior mediastinum, or eut wiiidous in the lower trachea to produce modias 
tinal emphysema Here again, these studies vs ere not adequately controlled to 
detennine the effects of frequently accompanying pneumotliorav Nor does a 
rubber balloon simulate free an in the mediastinum as the confines of the 
mediastinum are not as definite as those of the rubber balloon 

aiETHODS 

Rabbits and adult mongrel dogs avere anesthetized with pentobarbital, and 
a long needle uas introduced through the jiigulum passing thiough the tiaehea 
into the visceral space of the upper mediastinum Air uas injected slouly 

Trom the Departments ot Surgery and Pathology t7ni\erslty of 31isslsslpnl ‘Medical 
Center Jackson Miss 
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ill graded amounts witli constant recording of the pressure in the mediastinal 
air pocket. Intercostal catheters were inserted bilaterally and attached to ivater- 
seal drainage with suction to detect the development of a pneumothorax. 
Catheters were likewise introduced into the venae cavae, the right atrium, and 
the femoral artery. Pressures were recorded by mercury manometers and on 
Sanborn eleetronianometers using Statham strain gauges. 

Pour dogs had poudrage of both pleural cavities with 5 per cent iodized 
talc to produce a sterile pleuritis and complete pleural sjmiphysis. After a 
period of three to four weeks, these dogs were subjected to the experiment as 
outlined above to cheek if significant tension could be produced when the 
lateral mediastinal fascias were buttressed b 3 ’- the lung. 

Eabbits were used in addition to dogs because of the concept that the 
dog has an instable or flinisj’ mediastinum. Our anatomic studies demonstrated 
that, while the anterior mediastinum of the dog is composed onlj^ of a sheet of 
fattj’’ mesenteiy and is quite mobile and tenuous, the mediastinal fascias sur¬ 
rounding the visceral space are quite tough and have the same anatomic features 
as that of other experimental animals. In fact, it appears to us that these 
fascias in the dog are tougher than those of the rabbit. Both experimental 
animals differ from human beings in that the exposed inferior vena cava pro¬ 
jects through the right pleural space covered onlj'- by a thin sheet of pleura and 
completelj’ surrounded b.v lung while, in man, the inferior cava has relatively 
a much shorter coui’se in the thorax before entering the right auricle and is 
much better protected from pleural pressures. 

Last, to ascertain whether the experimental resiilts on these animals 
might be validlj^ transferred to man, the rupturing pressure of the human 
mediastinum was measured at the autopsj’' table. After removal of the breast 
plate, the chest was flooded with watei*. A long needle was injected through 
the jugulum into the visceral space of the posterior mediastinum, and air was 
injected as in the experimental animals with constant pressure recordings. 

RESULTS 

Our method was universallj^ successful in producing marked mediastinal 
emph.vsema in all animals. It was found that tlie rapid injection of air under 
high pressure led immediatelj^ to a pneumothorax. Accordingljq initial injec¬ 
tions of air were made veiy slowlj’’ with constant monitoring to prevent a rise 
of the pressure above 40 nmi. Hg. 

In onlj^ 1 of 16 normal dogs was anj’- marked effect produced b.y the 
pnemnomediastinum alone. Dog 10 developed veiy extensive mediastinal em- 
plysema, subcutaneous emph 3 ’'sema, and an extremelj’’ tense pocket of air in 
the cervical mediastinal visceral space which could be easilj’’ seen and felt. 
During this period, however, while the superior vena caval pressure rose 4 mm. 
Hg (equivalent to approximate!52 nun. of water pz’essure), the right 
atrial pressure showed no change, and the femoral arterial pressure fell only 
24 mm. Hg. The inferior caval pressure showed no change. Cervical medias- 
tinotony on this dog inmiediatelj'' relieved these slight pressure changes and. 
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in addition, helped to decompress the accompanying right pneumothorax. 
Further air injected into the mediastinum left via the mediastinotomy, pre¬ 
venting further complications from the pneumothorax. 

In the remaining 15 dogs, all observable effects were due solely to tlie 
accompanying pneumothorax (Fig. 1). This invariably effectively decompressed 
the mediastinal emphysema hut in itself proved fatal if unrelieved. The effects 



1 



Fig. 1.—Pneumothorax effect. Top line = base hne. High spiked line reflects the pres¬ 
sures in the mediastinal air pocket, showing the Immediate fall of pressure at the conclusion 
of each 50 c.c. Injection. Next hne =: tight atrial pressure. Fourth line = femoral arterial 
pressure, and lower hne shows the Inferior vena caval pressure. Time markers represent 5 
seconds. At the arrow, the tension pneumothorax was decompressed. Note the return of all 
measurements to normal. 


of tlie tension pneumothorax were easily reversed by aspiration unless there 
had been too much delay. The typical pretenninal response was a marked 
rise in the arterial, atrial, and vena eaval pressures, followed by a rapid de¬ 
cline and death (Fig. 2). This is a characteristic response to progrei3sive acute 
anoxia, regardless of the cause. 
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In addition to rupturing into tlie pleural cavities, air was found to dis¬ 
sect into tlie subcutaneous tissues or inferiorly along the fascial planes into 
the retroperitoneal spaces (Table 1). Usually one of these routes predominated. 


Table I. Sites of Aik-Dissection 


TOTAL 

C.A.P. 

P.T. 

RT. 1 LT. 

R.P. 

S.E. 

16 (Dogs) 

5 

13 12 

1 

5 

4 (Poudraged Dogs) 

4 

3 2 

4 

1 

5 (Babbits) 

0 

4 4 

1 

5 


Sites of air-dissection noted in experimental animals. C.A.P. z= cervical air pocket; 
P.T. = pneumothorax; R.P. = retroperitoneal; S.E. = subcutaneous emphysema. 


Frequently, subcutaneous emphysema was noted first and, once this route of 
escape was established, several liters of air could be injected rapidly into the 
posterior mediastinum with no deleterious effects being observed. 





Fig. 2.—Terminal anoxic effect of tension pneumothorax. Tracings are the same as in 
Fig. 1, except for shift of the base line. Note the rising caval and atrial pressures and the 
initial rise of the arterial pressure with its terminal fall. Again the mediastinal air pocket 
pressure is seen to return to normal after each injection. 

Similarly, marked mediastinal emphysema was produced in 5 rabbits. No 
rabbit developed physiologic effects from the mediastinal emphysema alone. 
The rabbits were much more prone to develop subcutaneous emphysema than 
the dogs. They likevdse developed unilateral or bilateral tension pneumo¬ 
thoraces and showed only the effects of the tension pneumothoraces. Retroperi¬ 
toneal air was noted in only one of the rabbits. 
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In the 4 poudraged dogs, only a partial pleural symphysis was obtained. 
Extensive mediastinal adhesions, however, were noted in each, and the medias¬ 
tinal pleura appeared to liave been effectively strengthened, for these animals de¬ 
veloped pneuniothoraces late and only after the appearance of extensive sub¬ 
cutaneous and retroperitoneal collections of air. All developed a very tense 
cervical air pocket mthin the visceral space. 

Effects from mediastinal emphysema alone were noted in 3 of these 4 
dogs (Table II). These changes, while definite, did not cause any appreciable 
eireulatory distress and all were transient. Respiratory difficulty was never 
oeoasioned by the pneumomediastinum, subcutaneous emphysema, or retroperi¬ 
toneal air—only by the pneumothorax. 


Table II. Poudraoed Does —^Pdessoke Cuanoes (mm. Hg) 


BOO 1 

V.O. 1 

1 R.A. 1 

1 P.A, 

I C.A.P. 

1 

+6 

+4 

-40 

+6 

2 

+2 

0 

0 

+4 

3 

0 

0 

-30 

+4 

4 

0 

0 

0 

+5 


Pressure changes noted in poudraged dogs. V.C. = vena cava 5 R A. = right atrium; 
F.A. =s femoral artery; C.A.P. pressure In cervical air pocket of the visceral space. 


The deep cervical air pockets could quickly be decompressed by a cervical 
incision extending through the pretracheal fascia which is the anterior encom¬ 
passing fascia of this pocket. Similarly, mediastinotomy would prevent a 
pneumothorax in most eases, but not always, for some dogs were observed to de¬ 
velop a tension pneumothorax even in the presence of an effective mediastinot¬ 
omy which was bubbling air freely. Dog 13 was noted to have both an ex¬ 
tremely tense cervical air poeket in the mediastinum and’a right pneumothorax. 
The attendant severe respiratory and circulatory symptoms were not relieved 
by mediastinotomy but by decompression of the pneumothorax. Only rarely 
could the pneumothorax effect be reversed by mediastinotomy. 

In the post-mortem observations on 6 human adults, air was injected slowly 
to keep the pressure below 20 mm, Hg. Again, the pressure immediately dissi¬ 
pated as air dissected diffusely through the mediastinum. In no case could 
a persistent tension above 5 mm. Hg be maintained. Air always bubbled out 
into one or both pleural cavities after injection of only a small amount of air 
—^varying from 20 to 400 c.c. The point of rupture was usually anterosuperior, 
far from the site of injection. 

DISCUSSION 

Air injected into the mediastina of rabbits, dogs, and human beings does 
not- produce a tension effect as the air escapes by dissecting along the tissue 
planes or rupturing into the pleural spaces, and the mediastinal pressure 
quickly falls to insignificant levels. At no time were we able to develop a 
persistent pressure within the normal mediastinum greater than about 5 mm. 
Hg. In dogs wliich have had the mediastinal spaces buttressed by formation 
of adliesions or symphysis of the mediastinal and visceral pleurae, slightly 
greater pressures can be developed which may produce mild circulatory symp¬ 
toms. 
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Goldberg, Mitchell, and Angrist® found that the rupturing pressure of 
the mediastinum in infant human cadavers is approximately 40 mm. Hg. At 
this level, the air would rupture into the pleural space. A slight shift in posi¬ 
tion might close this rent and often a subsequent pneumothorax would appear 
on the opposite side. 

Our results on human adults would suggest that such a pressure can be 
attained onlj’- with the acute injection as the dissection of the air along tissue 
planes immediately reduced the pressure to less than 5 mm. Hg. In addition, 
in each observation the mediastinum imptured wdth egress of air into the pleural 
cavity at pressures less than 20 mm. Hg. It is probable that, in the presence 
of pulmonary disease with pleural thickening, much higher acute pressures may 
be attained before the pleura ruptures. Nonetheless, the air will dissect sub- 
cutaneousty and retroperitoneallj’’ and, onl}' in most unusual circumstances, 
develop a persistent higli pressure within the confines of the mediastinum. . 

This work suggests that symptoms due to a tense pneumomediastinimi must 
be rare and that die effects noted are due to an associated pneumothorax. In 
fact, once a pneumothorax has developed, it appears to be quite impossible to 
develop sufficient pressure within the mediastinum to cause any degree of 
compression of tlie heart or great vessels. The rise in right atrial pressure 
noted in aU dogs with pueumothoraees suggests that the block is in the pul¬ 
monary capillaries and not the venae cavae. 

hlany of the clinical reports such as those of Earns,® Sheinfeld,’^ Gaudrault,® 
and Rj’^dell® attribute the beneficent eft'ects of emergency cervical mediastinot- 
omies to decompression of massive mediastinal emphysema. Thej^ do not pre¬ 
sent adequate supporting data, however, to show that the sjunptoms were due 
to the mediastinal air. In fact, most of the patients presented had accompany¬ 
ing pneumothoraces. Our experimental observations support the contention of 
Tuttle^® that the difficulty is usually due to the tension pneumothorax and not 
the mediastinal emphj'sema. 

The mediastinal emphysema that we have studied is, of course, completely 
different from malignant intei’Stitial emphysema of the lungs accompanied by 
mediastinal emphysema. This has been extensively studied by the Macklins,^^ 
Hamman,^- and more recently by Fagin and Schwab.^® In this condition, the 
air dissects from the alveoli along vascular sheaths and compresses the pul- 
monaiy capillaries. It may, in addition, cause air lock of the alveoli, prevent¬ 
ing adequate ventilation. Vanderlaan and Maresli^'* have reported one such 
case of mediastinal emphysema without a pnemnothorax. The patient de¬ 
veloped subcutaneous emphj'sema, cyanosis, dyspnea, and pain and became ir¬ 
rational. A collar incision allowed an immediate egress of air with rapid im¬ 
provement and an uneventful convalescence. This type of ease apparently is 
extremely unusual. 

A mediastinotomy can be of value in preventing a pneumothorax or in 
preventing further accumulation of air in an existing pneumothorax. It is 
doubtful, however, that the mediastinotomy will decompress an existing pneu¬ 
mothorax. 
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Hickani and Frazer Oxj’gen consumption and minute ventilation were deter¬ 
mined on a Collins spirometer m the earlier studies and, more recently, by col¬ 
lection in a Douglas bag and anabasis on a Pauling oxygen anab’’zer. Cardiac 


Table I. Physical Characteristics and Diagnosis or Patients With Chronic 
puLiiONARY Disease 






EXP. 


CASE 

AGE I sex 

1 S A VC. ! 

1 M B C. 1 

1 SEC 

1 diagnosis 


A. Emi^hysema (Simple) 


1. J.B. 

32 

M 

180 

40 

(82%) 

123 

47.0% Localized emphysema 


2. G F. 

53 

M 

1 86 

3 7 

(80%) 

72.2 (66%) 

41.8% Chronic emphysema 


3, V, M. 

56 

M 

147 

2 2 

(21%) 

39 2 (46%) 

39 7% Chronic empUysema, cor 

pul- 

4. G.H. 

48 

JI 

1.47 

3.1 

(83%) 

35.1 (38%) 

monale 

63 0% Chronic emphysema 


5. M.II. 

40 

M 

1.88 

2.6 

(55%) 

34 0 (28%) 

38 5% Chronic crophjsema, cor 

pul 

5 H W. 

61 

M 

168 

2 0 

(47%) 

23 7 (25%) 

monale 

35.4% Chronic emphysema 


7. B. S. 

57 

M 

1 86 

1 9 

(41%) 

25 0% Chronic emphjacma, cor 

pul 

8 . M.II. 

55 

F 

1 98 

23 

(59%) 

481 (53%) 

monale 

50 0% Chronic emphysema, cor 
monale 

42 0% Bullous emphysema 

pul 

B. Emphysema (Complicated) 

9. LG. 68 M 154 16 

(42%) 

28 S (36%) 


10. L D. 

51 

M 

1 69 

1 6 

(3S%) 

39 0 (38%) 

74 3% Bullous emphjsema 


11. R H. 

42 

Jt 

187 

2 2 

(47%) 

46 3 (38%) 

32 5% Cjstic disease 


12 . M. H. 

40 


1 50 

1.7 

(<7%) 

37 2 (37%) 

53 0% Cjstic bronchiectasis 


0. Granulomatous 
13. V S. 23 

Lunf) 

F 

' Disease 

1 60 3 2 

(80%) 

106 (108%) 

48 5% Eosmophilic granuloma 


14. D D 

16 

F 

152 

20 

(60%) 

63 7 (77%) 

47 5% Sarcoidosis 


15 W T. 

54 

U 

1,69 

28 

(65%) 

37 9 (38%) 

34 2% Silicosis 


10 W.B. 

47 

M 

179 

2.1 (50%) 

55 (53%) 

50 7% Granulomatous disease, 

eti 

17. 0 E. 

52 

M 

1 99 

3 0 (00%) 

57 (50%) 

olog} undetermined 
Total Cavitary tuberculosis 

7 see. 

70 0% Multiple pulmonary embo 


18, B L. 

73 

M 

1 58 

2 4 (60%) 

56 6 (74%) 

h 


D. Carcinoma of Lung 


19 F B. 

63 

U 

164 2 5 (61%) 78 0 ( 89%) 

55 57e 

Pnmarj bronchiogenic 
cinoraa 

car 

20 F M. 

68 

M 

141 


Primary bronchiogenic 
cinoma 

car 

21. G.W. 

51 

It 

154 2 0 (51%) 61 (67%) 

65 Q% 

Primary bronchiogenic 
cinoma 

car* 

22 F.B. 

49 

U 

167 


Primarj' bronchiogenic 

car 


cinoma 

E Pulmonary Disease Ifith L V Failuie or Mitral Disease 

23. B W. 53 M 157 Emplij'^emn, rlicumatic Iieart 

with mitral insuffi 


24. 

0, B. 

66 

F 

1 57 



ciency 

Periarteritis, tuberculosis 

25. 

E 0 

25 

F 

1 51 

21 (70%) 

85 0 (94%) 

74 0% Pulmonary und myocardial 
sircoid nith left ventricu 
Jar failure 

26, 

B H 

43 


1 72 

3 7 (86%) 

49 8 (45%) 

40 0% Emphysema, rheumatic heart 
disease with mitral insuffi 
ciency 

53.7% Emphysema, bronchiectasis, 
rheumatic heart di<5ea«e^ 
with mitral insuffi( lency 

27. 

W. B. 

48 

M 

212 

4.3 (80%) 

75 0 (54%) 

28 

D. E. 

58 

M 

1 96 

3.8 (61%) 

57 8 (52%) 

44 5% Emphysema, arterio-derotic 
heart disease mth nufnd 
insufliciency 


S 

1 See 


A =r surface area, VC = lital capacity , MBC = maximum breathing capacity; Exn 
sz per cent of \ital capacity expired in first second 




UNILATERAL PULMONARY ARTERY OCCLUSION IN MAN 
II. Studies in Patients With Chronic Pulbionary Disease 

B. L. Charms, M.D., B. L. Brofman, M.D., J. C. Elder, M.D., 

AND P. M. Kohn, M.D. 

Cleveland, Ohio 

INTRODUCTION 

The technique of unilateral pulmonary artery occlusion has been used in 
our laboratory in over 100 eases to date. The results in a group of controls 
have already been reported, with particular reference to flow-pressure relation¬ 
ships.^* ^ It has been demonstrated tliat this technique provides a method for 
increasing unilateral pulmonary blood flow without increasing cardiac output 
as, for example, bj'^ exercise. 

It is the purpose of this communication to present the results of studies 
carried out in a series of patients with various types of chronic pulmonary dis¬ 
ease, utilizing the method of temporarj’^ unilateral pulmonary artery occlusion. 

Standard pulmonary function tests and cardiac catheterization, as well as 
arterial blood studies, have contributed much to the understanding of the patho¬ 
physiology of such diseases.^' There are still certain problems, however, which 
remain unsettled. Of particular importance are those patients being considered 
for resectional lung surgery who are poor risks. In such cases, impaired ven¬ 
tilatory function together with elevated pulmonary arterial pressure has usually 
been considered a contraindication to such surgery, and the decision to proceed 
is still empirical. 

Recently described work, by Perkins and co-workers,® on ventilation-per¬ 
fusion relationships in the lung and, by Riley and associates,®’® on maximal 
diffusion capacities, promises to aid greatly in evaluating patients with chronic 
pulmonary disease. Certain results obtained in the present study extend the 
results by these authors. The clinical application of the method of unilateral 
occlusion in the study of these parameters in patients with various forms of 
chronic pulmonary disease is herein presented. 

methods and MATERIAL 

Cardiac catheterization was carried out in the usual manner using light 
sedation (usually secobarbital, 0.1 Gm.). Pulmonary artery pressures were 
recorded using a Sanborn electromanometer and a direct -writing four-ehaimel 
Sanborn recorder. Peripheral arterial pressures were recorded via Statham 
strain gauge manometers. Simultaneous mixed venous (pulmonaiy artery) and 
systemic arterial (femoral or brachial) blood samples were ana^zed for oxygen 
content by the Van Slyke method^* and the speetrophotometric method of 

Prom the Eva and Irving Hexter Laboratory for Cardiopulmonary Research, Mount 
Sinai Hospital, Cleveland, Ohio. 

Supported by grants-in-aid from The Cleveland Area Heart Society. 
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28. D. E. 0 82 30 52 ]25 50 75 13.6 16.9 91 8.0 S.S 471 

>' C„ SO 25 51 125 60 78 18.6 18.3 99 10.8 7.5 471 

0(p) 82 40 55 120 60 75 18.6 17.0 92 9.4 7.6 525 

_O 5 _70 30 45 120 60 75 18.6 18.4 99 10.2 8.2 525 
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artery resulted in dyspnea, increased cardiae index, rise in pulmonary artery 
pressure, and fall in peripheral arterial oxygen saturation. The significance 
of tliis response is presented in the discussion. 

On the other hand, in other patients (Cases 7 and 17) unilateral occlusion 
was tolerated much better than expected. Except in those instances noted, there 
wore no subjective sjunptoms associated with occlusion. 

Intracardiac Pressures .—In Pig. 1, the flow-pressure relationships are 
plotted for the emphysema group (chi-onie diffuse and bullous or secondary). 
In this group there is no correlation between the control main pulmonary artery 
pressure and the pressure following occlusion. The increase in flow through the 
unooeluded limg was attended by a significant increase in main pulmonary 
artery pressure in some patients (Cases 3, 4, 9, and 10b). However, in others 
(1, 2, 7a, and 7b), there was little or no increase. In 2 patients (Cases 10a, 
12) the pressure actually fell during occlusion. 



Fig. 1.—Flow*pressure relationships in patients with emphysema. Pulmonary artery 
mean pressure plotted against cardiac index for one lung. Symbols: • = subject at rest; 
X — during unilateral pulmonary artery occlusion. Upper limits of normal at rest indicated 
by dotted lines. 

In Pig. 2 are plotted the flow-pressure relationships existing in those cases 
of granulomatous disease. In every case, increase in flow by contralateral oc¬ 
clusion produced a marked increase in pulmonary artery mean pressure. Still 
further increases were produced with exercise. It should be pointed out that 
the increase in pressure was predominantly systolic with less change in the 
diastolic phase. 

In Pig. 3 a similar plot is presented for tliose cases of combined left ven¬ 
tricular heart disease and pulmonary disease. In all biit 1 case there was no 
pressure change with unilateral increase in flow. In the instance wliere pre,s-' 
sure did rise significantly, granulomatous disease of tlie lung was also present. 
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output was calculated iitiliziug the Fick principle. Control values Avere obtained 
before occlusion of the piilinonary artery the inflatable cuff, and I'epeated fol- 
loAAdng this maneuver. Control and occluded values were also determined With 
the patient breathing 100 per cent oxygen. In many patients, mild exercise Avas 
carried out and the effects noted. No attempt Avas made to attain absolute basal 
conditions during these preAuous studies, although a “steady study” Avas 
achieved. 

The technique used in our laboratory has been presented.- In the series 
herein reported, all the patients had pulmonary disease Avith varying degrees 
of functional impairment, ranging from asjnnptomatie to completely incapaci¬ 
tating. In Table I are listed the subjects studied, Avith diagnosis and some of 
the standard pulmonary ventilatoiy studies. They are grouped according to 
diagnosis, as folloAvs: (1) chronic diffuse, emphysema, Avith or Avithout cor pul¬ 
monale; (2) bullous emphysema (complicated) oi- emphysema secondary to 
other pathologic processes; (3) granulomatous lung disease of various eti¬ 
ologies; (4) pi’imary bronehiogenic carcinoma; and (5) combinations of 
cardiac disease involving the left ventricle and/or the mitral valve and pul¬ 
monary disease. Control catheterization findings Avere consistent Avith the 
grouping in that all of the patients Avith ijulmonary disease Avithout significant 
left ventricular or mitral vah'e disease liad normal Avedge (pulmonarj’- eapillaiy) 
or distal (lacunar) pressures. The latter pressure is that recorded beyond 
the inflated balloon. In all our studies, Avedge and distal pressures have been 
abnost identical. Patients Avith combined disease all had significantly elevated 
Avedge or distal pressures. The subject of distal pressures and their significance 
Avill be discussed in a separate publication. 

In most patients, complete unilateral occlusion Avas achieved as described. 
In some instances, hoAvever, as indicated in Table II, onlj’’ partial occlusion of 
one lung Avas obtained, fortuitously or by intent. Usually, Avhen the entire 
right or left lung Avas not occluded, this Avas due to the fact that the balloon 
Avas carried out beyond the desired point in tlie main subdivision of the pul- 
monaiy artery. In certain cases, because of severity of symptoms or initial 
marked elevation of pulmonary artery pressure, it AA'as considered inadvisable to 
occlude the main branch. 


RESULTS 

In Table II are listed the pertinent findings in the cases studied. Uni¬ 
lateral occlusion Avas aa’-cII tolerated in all but 3 patients (Cases 4, 16, and 18). 
ObAuous difficulty had been anticipated in these 3. Case 4 Avas an individual 
AAUth far-advanced emphysema aa'Iio had become dyspneic even at rest. Case 
16 had granulomatous lung disease of undetermined etiology (proved by lung 
biopsy), AAuth dj^spnea on slight exeidion and marked impairment of ventilatory 
function. Case IS Avas an elderlj'- man Aidth repeated episodes of chest pain, 
cyanosis, and shortness of breath. Chest x-ray studies suggested emplysema 
but pulmonary function studies Avei'e not consistent Avith this diagnosis. It was 
felt that he had developed the sjuidrome of alveolar-capillary block due to re¬ 
peated pulmonary embolization.® In all 3, occlusion of the light main pulmonaiy 
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The patients witli carcinoma responded in a normal manner with a slight 
rise in main pulmonai’y artery pressure following occlusion. These pressures 
shown in Table II were within normal limits. 

Patients 7,10, and 27 were studied before and after definitive therapy. The 
first of these, before treatment for severe emphysema and cor pulmonale, had 
an end diastolic pressure in the right ventricle of 20 mm. Hg which decreased 
to 10 mm. Hg following therapy. Case 10 was studied before and after surgery 
for removal of bullae and Case 27 before and after mitral commissurotomy. It 
is notable that in the latter ease, follomng commissurotomy, both wedge and pul¬ 
monary artery pressure had fallen and the response to occlusion was significantly 
altered. 



Fig-. 4.—^Effect of uniT ■ . * • n in 2 patients showing rise in arterial saturation 

during- occlusion. Symbols; • • • C® = control on 100 per cent oxygen: O = unilateral 

occlusion; Oa = 100 per cen • ' • 'Hlng during occlusion.; B = exercise; OiV = ratio of 

oxygen consumption to min ■ • • • in cubic centimeter per liter; % Sat. = systemic 

arterial saturation; PA = i ■ - ry pressure In mm. Hg; S = systolic; M = mean; 

D = diastolic; Cl = cardiai » ' : 's per minute per meter squared. 

In Case 21 {left) the • ■■ ■. are normal for the 02^" and Cl -with slight elevation 

of the PA pressure and ma ■ in arterial O 2 saturation. On. 100 per cent oxygen, 

the expected fall In PA pi- • crease in Oj saturation occurred. With occlusion, 

however, the O 2 saturation ired to the control value without other significant 

change. In Case 27 {right' ■ ? ore normal for the OjV but a markedly elevated 

PA pressure was present tof - . omewhat increased Cl and again a marked diminu¬ 
tion In arterial Oi saturati ■ : er cent oxygen, there was a fall In PA pressure 

and Increase In Oj saturatloi ■ • i -V,’li occlusion, the 0» saturation rose significantly con- 

^mltant with a fall In PA ■ • • ■ . toward normal as compared with control values. 

One hundred per cent oxyj . • . further increase in arterial 02 saturation w’lthout 

other significant change and • • noted to cause a marked increase in PA pressure. 

Peripheral Arterial Pressures. —^No significant change was observed follow¬ 
ing occlusion. 

Peripheral Arterial Oxygen SaUiration. —-In most cases, no change occurred. 
In at least 2 patients (21 and 27), peripheral arterial saturation increased fol¬ 
lowing occlusion, as demonstrated by the hemodynamic response in Fig. 4. In 
both eases, a significant i-ise can be observed and, in Case 27, this was associated 
with a fall in cardiac index as well as pulmonary artery pressure. Both had 
disease involving predominantly the occluded side. 
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PA{m) PRESSURE IN MM Ho 

Fig’. 2.—Flow-pressure relationships in patient with granulomatous disease. Symbols as 
before; A = exercise during unilateral occlusion. 



pa{m) pressure in mm Hg 

Fig. 3.—^Flow-pressure relationships in patients with combined cardiac and pulmonary disease. 

Symbols as before. 
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' Iy the disease process. In the patients with myocardial failure, however, despite 
an apparently increased resistance, this resistance was not due to pulmonary 
vascular change since increase in flow was not accompanied by increase in pre.s- 
sure. Thus, pulmonary resistance in thc.se cases was greatly diminished follow¬ 
ing occlusion. In the emphysema group, many patients showed fi-sod resistance 
presumably on the basis of anatomic changes. In others, resistance was greatly 
diminished following occlusion. This suggests that structural changes in the 
pulmonary vessels need not have occurred despite initial high resistance. 


DISCUSSION 

The study of pulmonary hemodynamics in patients with chronic pulmonaiy 
disease yields widely varying results. The control pressure in the pulmonary 
artery may vary from normal to three times normal. It cannot be inferred, 
however, that significant pulmonarj’ arteriolar disease exists soleb' on the basis 
of an elevated resting pressure. Nor can it be assumed that a normal or only 
.slightly elevated pressure precludes the existence of disease. As has been 
demonstrated, sudden deletion of approximately 50 per cent of the piilmoiiar.v 
vascular bed, with resultant doubling of flow through the remaining portion, 
need not result in anj' significant rise in pressure whether the resting prAssin-c 
is normal or even greatly elevated. Cournand”'” anfl niokain and targill’* 
have reported similar control elevation of pressures in p.itients witli chronic 
pulmonary emphysema. Riley and co-workers,” by moans of cxcroisc. have 
demonstrated marked increase in pulmonary arfeiy pi'e.ssure.s in snob casci^ 
However, certain important differences exist between oxeroisc as .a lost ano 
unilateral occlusion. As pointed out earlier, the method dcseriI>od in 
increases flow (unilaterally) without over-all increase in cardiac oiitinit 
with exercise, over-all cardiac output Is increased. Fiirtheniioro- i.'.o.oiN^trs 
volvcd in exercise such as increases in iutrapleiiral pre-ssiires, changes i.i 
increased heart rate, reflex changes, metabolic changes, etc,, diitor CoUv;,-;. 11 ;,. 
from those described. 

Since pulmonary hypertension in ciiiphvseiiia is nor iui-oss.':r’.i>" 
arteriolar change per se, the cause of the lixTiertension mus: K' re-ev,'.'!',',it 
Increased intra-alveolar or intrapiilmonie pre-ssure in such paticr.rs 
accounts to a considerable degree for the elevation of the pulr.t.'.r.f.ty r.r.iev-'; 
pressure. Positive intrapleural pressures have been dcmorA-.rr.re,? t.v • 

level of 20 mm. Hg or more in enipli.vsenia.” These factors 
sistance to pulmonary Wood flow necessitating a rise in prossa-.r;' to ■nv.ir.t.'iiii 
circulation throughout all phases of the respiration .and ir-bersnl v.Asrul.ir 
change need not be present. Perhaps the best axplanation is ih.a: ix.,, "oriti- 

cal closing pressure” discussed hy Burton.” 

As suggested by Lillieiifhal and Riley,” the concep: of the •'■critical elosh'f' ^ 
pressure” can be applied to pulmonary hcniod.vnamics. According to this '’''f 
eept, in order to maintain blood flow fhrongh a vessel, the intrabimiiud fl',','''’" 
must be greater than those factors which would tend to vhe v 

Such factors include the elastic and muscular tensio - 

as well as exfravascular factors. It is presumed f 
disease states, such as empbpma, there may be a 




his 

;ion 
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In Cases 4, 16, and 18, previously described, the opposite response occurred, 
namely, a fall in peripheral arterial oxygen saturation associated with a rise 
in cardiac index and pulmonary artery pressures. Fig. 5 demonstrates this 
response. All patients had severe chronic diffuse pulmonary disease and ex¬ 
perienced dj^spnea oir oeelusiorr. 



Fig-. 6.—Effect of unilateral occlusion in 3 patients sbo-sving a decrease in arterial Oi 
saturation. In Case 18 (left) the control O 2 saturation -was slightly diminished, the PA pres¬ 
sure elevated, and the Cl normal. On 100 per cent oxygen tlie arterial saturation rose to 
normal. With occlusion, the arterial O 2 saturation fell markedly associated with a sharp 
rise in PA pressure and Cl. On 100 per cent oxygen, tlie saturation rose to control levels and 
the PA pressure and Cl diminished. 

Case 16 (middle) showed an initial decrease in O 2 saturation, elevated PA pressure and 
Cl. On 100 per cent oxygen, the arterial saturation rose to normal levels. With occlusion 
the arterial O 2 saturation fell with a sharp increase in PA pressure and Cl. One hundred 
per cent oxygen increased the saturation to normal once again but effected little change in 
pressure or Cl. 

In Case 4 (right), the depressed control 02 saturation fell with occlusion again associated 
with a marked increase in PA pressure. 


Cardiac Index .—This did not change significantly except in those cases 
described. Generally, for the purposes of this presentation, it can be assumed 
that there is approximately equal distribution of pulmonary blood flow to 
both lungs. However, in the presence of unilateral disease with atelectasis, a 
significant degree of shunting away from diseased lung may occur naturally.''’ 
In such cases, in which blood flow has already been redistributed, unilateral 
occlusion (of the diseased side) maj^ only result in a relativelj^ slight further 
redistribution. 

Oxygen Consumption .—No significant change occurred except in those cases 
where dyspnea and resultant anxiety caused an increase. 

Minute Volume .—Again there was no significant change although in many 
cases there was a slight rise. This is of particular importance since the oc¬ 
cluded lung continues to ventilate but does not exchange gases. 

O 2 V.—Since the minute volume and over-all oxygen consumption did not 
change significantly and all gaseous diffusion was occurring in the unoccluded 
lung, the O 2 V for that lung was approximately doubled. 

Resistance .—As indicated in the figures showing the flow-pressure relation¬ 
ships, resistance was flxed in those patients with granulomatous lesions, pre¬ 
sumably as a result of anatomic involvement of the small pulmonary vessels 
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oxygen saturation may occur because of venous admixture in the lung. This 
situation exists when pooi’ly ventilated alveoli are receiving a disproportionate 
perfusion. The result is failure of adequate oxygenation of blood from such 
areas and the equivalent of a right-to-left shunt. Methods for assessing the 
extent of such effect.s are indirect and often it is impossible to distinguish be¬ 
tween faulty ventilation-perfusion relationships and disease of the alveolar 
capillary membrane with impaired diifusibility. 

Utilizing the method described, it seems likely that localized areas of un- 
dcrvcntilation might be temporarily deprived of their pulmonary arterial sup¬ 
ply. If the remaining unoecluded lung were normal, this maneuver should pro¬ 
duce a rise in arterial oxygen saturation since all pulmonary capillary blood 
would be exposed to normal alveolar oxygen tensions. This procedure would 
hove the added advantage of localizing such defective areas anatomically. 

This effect is demonstrated in 2 eases with unilateral pulmonary disease 
and in 2 cases of diffuse pulmonary disease (Cases 3, 7, 21, 27). In these in¬ 
stances, occlusion of the pulmonary artery resulted in significant increases in 
arterial o.xygen saturation. Paralleling this increase in saturation, there was 
observed a fall in pulmonary artery pressure and cardiac output. It seems 
apparent that areas of venous admixture were obliterated and over-all fttrro- 
tion improved. 

In patients with bilateral severe chronic pulmonary disease, the opposite 
sitrration is also possible. Where arterial desaUrvation exists because of dimin¬ 
ished ventilation-porfusiorr ratios, occlusion of one lung may accentuate the 
venous admixture occurring in the other. This situation obtains in 2 cases 
(Cases 8 and 9), where instead of a rise in arterial 0- saturatiorr there was a 
further fall. This response must be differentiated from that due to exceeding 
the maximal diffusing capacity of the unoccluded lung which will bo discussed 
subsequently. In both instances, the further decrease in arterial O 2 saturation 
was associated with an increase in the pulmonary artery pressure, increased 
cardiac output and hyperventilation, necessitating deflation of the cuff in one 
case. On exposure to 100 per cent o.xygen, both patients showed tlie expected 
rise to normal arterial O. saturation. 

Dijfusion .—Determinations of diffusing capacity of the lung at rest have 
shown xvide variation and changes in diffusion have been demonstrated with 
exercise.^- The maximal diffusing capacity of the lungs seems more promising 
as a basis for comparison in normal subjects and in those with pulnionaiy 
disease.'’ Riley and co-workers have described such a method for maximal 
O 2 diffusing capacity, utilizing hypoxia and exercise. The factors limiting such 
determinations particularly in the presence of pulmonary disease may present 
considerable difficulty. Defects such as poor intrapulmonary mixing of gases, 
uneven ventilation-perfusion i-elationships, and eii’culatory failure may each 
cause a reduction in maximal diffusing capacity. 

In this respect, of the oases studied. Case 7 is of particular interest. This 
patient initially presented a relatively normal resting arterial 0. saturation 
and a normal cardiac index. Pulmonary artery pressure was elevated. Ven¬ 
tilation studies did not seem to indicate that obstructive ptUnvonary J ase 
was the predominant difficulty. Wlien occlusion of the ri" 'p j ' 
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critical closing pressure because of the extravascular factors ineiitioncd. Thus, 
the presence of pulmonary hj'pertension at rest does not necessarily imply 
anatomic pulmonary vascular change. Furthermore, a slight rise in pressure 
may open accessory channels allowing increases in flow out of proportion to the 
pressure inerement. 

The pressure response in patients with granulomatous disease was more 
predictable and confirms the findings of others.'*’ In these eases, whether 
the resting pressure was normal or greatly elevated, occlusion, with unilaterally 
increased flow, produced a significant increase in pressure indicating consider¬ 
able fibrosis of the pulmonaiy arterial tree, loss of elasticity, and hence a fixed 
resistance. The tremendous expansibility of the normal pulmonary vascular 
bed has been emphasized by Cournand*- and in a previous publication." Limita¬ 
tion of this distensibilitj’’ by fibrotic pulmonaiy lesions can be fairly well defined 
by the method described. 

It should be emphasized that tlie level of the resting pulmonary artery 
pressure does not necessarilj’- reflect the status and distensibility of the pul¬ 
monary vessels. An elevated pressure is not necessarily a contraindication to 
resectional lung surgery. On the other hand, patients with normal pressures 
at rest may have no reserve with respect to accommodation to increased blood 
flow and are, therefore, poor risks for such surgery. Deletion of any segment 
of their pulmonary vascular bed would result in a significant increase in pressure. 

In patients with combined pulmonary disease and cardiac disease involv¬ 
ing the left ventricle or mitral valve, the evaluation of relative causes of disa¬ 
bility may be extremely difficult. In the group studied, all had elevation of 
both pulmonary capillary (or wedge) pressure and pulmonary artery pressure. 
Only one, however, showed any significant rise with occlusion. Exercise in 
such cases increases the cardiac output. As a result, pulmonary artery pressure 
rises but this response does not aid in determining whether the increase in pres¬ 
sure is due to resistance in the left atrium or in the pulmonary vascvfiature. By 
means of occlusion, flow can be increased through a part of the lung without 
increase in over-all cardiac output thus facilitating the studj'^ of these two fac¬ 
tors independently. It may be concluded from the eases shown that elevation 
in pressure was predominantly, if not entirely, due to increased left atrial pres¬ 
sure since no significant elevation in pulmonary artery pressure occurred with 
increase in flow. In these cases, the pulmonary vasculature is normal and can 
accommodate an increase in flow Avith a normal slight increase in pressure. In 
one case, however, the marked increase in pressure Avas evidence for the existence 
of increased resistance in the pulmonary Amscular bed. Granulomatous pul¬ 
monary disease was subsequently proved by biopsy. 

The importance of this relationship in patients Avith congenital and acquired 
heart disease, paiflicularly in determining if secondary pulmonary arteriolar 
hjqrertrophy exists in patients Avith mitral stenosis, will be presented in a sep¬ 
arate report. 

Uneven Ventilation—Blood Floiu Belatiojishiin—The problems relating to 
ventilation-perfusion relationships in the lung have received much attention re¬ 
cently.®’ ®’ It is noAv Avell appreciated that significant reduction ni arterial 
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artery was carried out, there was a marked fall iu arterial O 2 saturation and 
an increase in pulmonary artery pressure and cardiac output. The O 2 con¬ 
sumption, however, did not rise despite marked dyspnea. On 100 per cent 
oxj'-gen, arterial saturation rose to normal levels and cardiac output fell to nor¬ 
mal. Although the factor of uneven ventilation blood flow has not been entirely 
excluded, it is felt in this instance that diversion of the extra blood flow through 
the unoccluded lung exceeded the maximal diffusibility of that lung due to 
specific disease of the alveolar capillary membrane. The increase in cardiac 
index and hj^peiwentilation are explainable on the basis of hypoxia but, at the 
same time, indicate that neither cardiac output nor alveolar ventilation was a 
limiting factor in this patient’s oxygen diffusibility. The normal resting 
arterial O 2 saturation rules out significant venous admixture. The maximal 
diffusing capacity in this patient therefore appears severely limited and can be 
exceeded merely by reducing the area of pulmonary membrane available for 
diffusion. 

The application of this technique in determining maximum diffusing ca¬ 
pacity of a single lung is obvious, particularly with respect to delineating the 
limiting factors in such determinations. 

sum:mary 

1. Twenty-eight patients with chronic pulmonary disease have been studied 
bj’' the method of temporary unilateral pulmonary artery occlusion using a 
special triple-lumen catheter with an inflatable cuff. 

2. It is shown that the resting or control pulmonary artery pressure is 
not necessarily an index of the pulmonaiy circulatory reserve (expansibility). 
Without increasing cardiac output, approximate doubling of unilateral pul- 
nionarj^ blood flow may or inaj’’ not be attended by significant increase in pres¬ 
sure, irrespective of the level of control pulmonary artery pressures. 

3. It is suggested that in many cases of chronic pulmonary disease (with¬ 
out cardiac disease involving the left ventricle or mitral valve) pulmonary 
h 3 q;)ertension must be due to causes other than organic artei’iolar disease, such 
as increased intrapleural and intrapuhnonic pressures. The concept of a “criti¬ 
cal closing pressure” is discussed in this regard. 

4. In cases of mitral stenosis or left ventricular failure in comlniiation 
udth chronic pulmonaiy disease, this method has proved valuable in the studj" 
of pulmonaiy hemodjuiainics with particular reference to the status of the 
pulmonaiy arterioles. 

5. The problem of uneven ventilation/lilood flow relationships, where signifi¬ 
cant venous admixture exists, has been presented. It has been demonstrated 
that such areas can be obliterated by occlusion of the pulmonary artery to that 
segment. Resultant decrease in venous admixture has been demonstrated by a 
rise in arterial O 2 saturation. 

6. Possible applications of temporary pulmonary artery occlusion in the 
determination of maximal O 2 diffusing capacity are discussed and particularly 
with reference to possible delineation of factors involved in such determinations. 
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A number of reports in the foreign literature give evidence that collapse 
methods, such as pneumothorax and thoracoplasty, wlion aided hy an anti¬ 
tuberculosis drug regimen give immediate and short-term results comparable 
to the excellent results achieved by cxcisional surgery. 

The early and late results of 90 thoracoplasties performed on the ward 
service at Montefiore Hospital, in New York City, from 1935 to 1910, have al¬ 
ready been reported.’' To these have been added the data of an additional 
consecutive 90 patients from the same service operated upon by the authors 
from 1940 to 1947. (It was entirely accidental that there were an equal num¬ 
ber of patients in each series.) The total number of patients treated by extra¬ 
pleural thoracoplasty, primarily for pulmonai-y tuberculosis, is 180. E.xcept 
for a few cases in the first serio.s, those patients in whom an empyema over¬ 
shadowed the pulmonarj’- disease were excluded from this report. 

The extent of the follow-up was sneh that it took a number of years to 
complete. AVe have a 100 per ceut follow-up, i.e., the status of every patient 
has been ascertained. Pour patients who had been operated upon before 1941 
were last contacted in 1953. The status of the remaining number was deter¬ 
mined in 1954, 1955, or 1956, the date of preparation of this paper. Host of 
the follow-up data were obtained from the Altro Work Shops, Inc., from the 
Montefiore Hospital Follow-Ui) Clinic, from Coard of Health Clinics, and 
various other clinics in New York City, as well as those in other cities and 
states, and from private physicians. In only a small number of cases were 
the reports obtained directly from the patients. These were patients operated 
upon many years ago, who were no longer under routine medical care. The 
reports on sputum examinations were based on cultures; a few were made on 
concentrates. 

AVe have been more concerned with those ])atients in whom thoracoplasty 
was unsuccessful rather than with those who were cured. AA^'e have analyzed the 
case histories with a view to determining the reason for failure to cure and how 
this cause for failure could bo avoided today. AA’hen these patients were oper¬ 
ated upon, there was no alternative good procedure which could be used. Peni¬ 
cillin became available to only a few patients in this series; none had the ad¬ 
vantage of the antituberculosis drugs; and many of the aids to surgery and to 
anesthesia which are used routinely today were not yet available. 

There were 9 postoperative deaths; 6 of these occurred in the first series of 
90 patients and 3 in the last 90. Of the first G deaths, 3 were due directly, or 
indirectly, to a pleural tear occirrring during operation. These tears were 
packed with gauze, and the complications resulted eventually in a fatality. The 
fourth death was caused by a phlegmon of the back. The fifth patient died 
thirty minutes after operation and, at autopsy, a contralateral atelectasis 
was found. The sixth death was that of a patient who died twelve hours post- 
operatively with convulsions, tachycardia, hypertension, and delirium. At 
autopsy, an unsuspected pheoehromoeytoma of the adrenal was found. Of 
the 3 deaths in the second group of 90 cases, one was due to operative 
shock and occurred twelve hours after a first-stage procedure; in the other 2, 
the causes of death were unexplained. One, a 4G-year-oId man, was found 
dead on the third postoperative day after a two-day uneventful course; the 
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U NTIL the discovery of streptomycin, bed rest and collapse therapy were the 
mainstays in the treatment of pnlmonaiy tuberculosis. Of the various 
foi-ms of collajise tlierapy, ailiticial pneumothorax and extrapleural thoraco¬ 
plasty wei'e the procedui'es ui)on which avc depended for a number of decades. 
Huring tlnit jieriod many thousands of extrapleural tlioracoplastios of diverse 
tyjies were jierformed. .As the adjuvants to snrf^ery developed and surgical 
techni(|ue improved, it was possible to obtain increased pulmonary collapse, 
and there was a decrease in surgical complications; consequently, operative re¬ 
sults were decidedly better. 

“With the introduction oL' the various antituberculosis drugs, a sudden 
change in surgical therapy developed. Collapse therapy quickly yielded to drug 
thei’apy. Wlicn a cure was not obtained by the use of drugs alone, then pul¬ 
monary resection became the ])roeedurc of choice. Jt was the abruptne.ss of this 
change which, in a great measui’c, robbed collapse ])rocedurcs, especially thora¬ 
coplasty, of the opportunity to demonstrate the good results they might achieve 
when used in conjunction with the newly found drugs. So few collapse proce¬ 
dures are being performed in this country today, that it Avill bo many years 
before any one center will accumulate sufficient data to compare the results of 
the various collapse methods with those obtained by exeisional therajiy, when both 
have been performed with the aid of the new therapeutic agents. 

Because of these circumstances, we feel that it is of the utmost importance 
to evaluate precisely the long-term results of collapse methods and especially 
extrapleural thoracoplastj'’. The known chronicity of pulmonary tuberculosis 
and its proclivity for reactivation many years after ap]iarent cure make only 
long follow-up periods of value. With this knowledge in hand, we should be 
able to postulate to some degree what our long-term results would be wore 
thoracoplasty performed with the additional benefits that could be derived from 
the simultaneous use of our antituberculo.sis drugs. Only in this way will we 
be able to com]iai'e our long-term results of exeisional therapy (when wo have 
them) wit.h Avhat could be ox]Dected from collapse therapy if performed under a 
similar drug therapy regimen. 

li’rom the Tlioraclc Surgical Service. Alontcflore Hospital, Now York City. 
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this They arc, however, considerecl as poor results of thoracoplast 3 ' because 
of positive sputum. It is most unusual todaj' to have to operate upon a patient 
in poor condition. Practically all of the patients who have pulmonaiy tuberon- 
losis i-espond, at least to some degree, to the antitnherculosLs dnigs; the tempo 
of the disease is thus lessened and the patient can ho tlie better prepared tor 
surgerj'. 

There were also 6 patients in whom the poor result of thoracoplastj' could 
he ascribed to incomplete surgery. In 4 of these i)atients, a deterioration in the 
general condition prevented the second-stage operation; one patient committed 
suicide; and the sixth patient refused further surgery, became psychotic, and 
was discharged for disciplinary reasons. 

Today, with the use of tlie antituberculosis drugs, endobronchial disease and 
its complications are well controlled and are not a problem in surgery. Not 
all the patients in our series were bronchoscoped, therefore, many eases of endo¬ 
bronchial disease were not diagnosed. Pour patients, known to have endo¬ 
bronchial disease, had unsuccessful thoracoplasties. 

The spread of pulmonary tuberculosis to other segments of the same lung 
or to the other lung was one of the hazards of thoracoplasty. Sneh a spread 
usually dela.ved the second-stage procedure for so long a period tJiat it rarely 
was effectual. In some instances, the postoperative spread was the beginning 
of the rrltimate fatal progressive tuberculosis Today, under drug therapy and 
with improved surgical technique and intratracheal anesthesia, postoperative 
spreads are rare indeed. 

Each of the remaining classifications listed under the reasons for the un 
successful thoracoplasties embraces too few eases to .iustify discussion. It js 
apparent, however, that toda}’ these patients would not he ti'eated b.v coUanse 
therapy, and the use of the antitubei-culosis drugs rvould in all prohalnnty 
eradicate the reason for failure. 

In onlj' 3 of the 38 eases of unsuccessful thoracoplastv’ were we unable 
to find some apparent reason for the failure of operation. With tins past 
experience to guide us and with the use of the autituberculosis drugs md our 
improved techniques in surgery and anesthesia, if thoracoplasty i>ere per¬ 
formed today upon a well-chosen series of patients, a very high pr i eiitagc of 
permanent cures would be achieved. 

The following objections to thoracoplasty have been raised; ( 1 i the opera¬ 
tion causes a deformity; (2) some patients have persistent cough and expectors- 
tion due to the fibrosis and bronchiectasis which are the end results of pro- ood 
postoperative healing; (3) the diseased pulmonaiy tissue is still present in tie 
body and may not undergo complete healing, thereby becoming a sonny 
later infection; and (I) there is a redaction in pulmonary reserve 
patient later succumbs to cor pulmonale. 

In our follow-up study, the question of deformity and arm and 
motion was tborougbly investigated. Scoliosis, as seen on the 
may appear to be much more marked than it is elinicallj Ilanv of 
had a mild degree of scoliosis, but in none was it incapaeitatia;’ ‘ ■' 
as we eould determine, it was never a cause of mental distur’isn 
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to be independent of the disease which, originally present on the operated side, 
has remained arrested. Subsequent careful study of the preoperative roent¬ 
genograms frequently reveals that contralateral disease was present at the time 
of thoracoplasty (twenty of the unsuccessful thoracoplasties). Theoretically, 
such a reactivation should not mean that tlae operation was not a success, but 
we have classified these patients as having had unsuccessful thoi-acoplasties, 
in which group they are listed. 

In our series, operation was not performed unless the contralateral disease 
was presumed to be stable azid inactive, hlost of these patients did not have 
the benefit of tomographic examination, therefore, the status of the contralateral 
pulmonary disease could not be established as accurately as it is today. Now, 
with the use of the antituberculosis drugs, contralateral disease can be better 
controlled prior to, and after, surgery and the likelihood of late reactivation 
will be lessened. 

It was common knowledge that giant cavities and tension cavities were not 
readily closed by thoi’aooplasty. Yet, having nothing better to offer (we did 
not find the Monaldi suction drainage procedure of much value), many of 
them Avere treated bj'' thoracoplasty. In a very small number was closure ob¬ 
tained. These cavities, both giant and tension, usually secondary to endobron¬ 
chial tuberculosis, have now become a rarity witli the use of the antituberculosis 
drugs. 

Thoracoplasty Avas unsuccessful in 9 patients Avith multiple cavities or 
caAoties in the middle or loAver lobes. A small number Avith this tjqze of 
pathologic condition Avere cured by opei'ation, but the percentage of successful., 
cases Avas so small that thoracoplasty Avould not have been considered as a 
method of treatment had some other procedure been available. 

When infection of the Avound occurred in the days before penicillin Avas 
available, the AVOund had to be opened Avidely and packed in order to control 
the infection; the second-stage operation could not be performed until the 
Avound Avas Avell healed. This frequently took from six to eight Aveeks. Because 
of this delay, A'ery little additional collapse Avas obtained after the second stage 
and caAUties, therefore, ofttimes remained open. In our series, there Avere 7 pa¬ 
tients in AAdiom the second stage of the thoracoplasty had to be unduly delayed 
because of AVOund infection. Today this operative complication rarely, if ever, 
occurs, and a tAvo-stage thoracoplasty can usually be completed in ten days. 
Furthermore, the Amrious types of thoracoplasty AAdiich have been evolved in the 
past feAV years, using Amrious methods of plombage in conjunction Avith rib 
resection or even leaving the ribs in situ, can be performed in one stage. 

Six patients in our series Avere operated upon as a “last resold.” They 
AA'ere in poor general condition; they had extensive disease; and despite all 
measures available at the time, they could not be “built up” sufficiently to be 
regarded as good operative rislcs. Taa'o of these patients are alive today, but 
thej’' do have positive sputum. Both had had a destrojmd lung, for Aidiich 
thoracoplasty, at that time, was the only procedure that could be used. They 
both live quite active lives, and Ave can assume that Avere it not for the. benefits 
derived from the collapse obtained by thoracoplasty, they Avould have died before 
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DISCUSSION 

One of the ordinary metliods of reporting the results of surgical treatment 
is shown in Fig. 1. This gives the status of all patients on a specific date, the 
last follow-up date. This does not give the complete picture for (1) the results 
in eases with varying lengths of follow-up are considered with equal significance, 
and (2) temporary oxacerhations with positive sputum are not discernible if 
the patient reconverted without additional surgery. 

In analyzing the results of a chronic disease such as pulnionaz'y tuberculosis, 
with its many periods of exacerbation and remission, we have tried to por¬ 
tray in Pig. 2 a year-by-year picture of the results. This method is also not 
perfect because it can ouly be used for those patients who remain alive. Those 
who died, either from tuhereuIo.sis or from a nontubereulous disease after being 
considered as cured, cannot be carried in the figures beyond the year of death. 



Fig. 2. 

This then shows the status of only the living patients in each postoperative year. 
If a patient had only one positive sputum in a year, he was considered as 
“positive” in that year. A number of patients, although clinically well, have 
had an occasional report of a positive sputum over the years. Fig. 2 also gives 
expression to such incidents as the late conversion which occurred in I patients. 
In Fig. 1 they are considered as cured, but in Fig. 2 they are not classified 
as such until the year of persistent negative sputum. 

Although neither of these charts gives the complete picture of the results, 
we believe that they supplement each other, thereby pre.sonting a more accurate 
expression of what thoracoplasty accomplished in the treatment of pulmonary 
tuberculosis in the pre-antibiotic era. 

SUMM.UiV 

1. A complete analysis of thoracoplasties performed upon ISO patients at 
tlie Jlontefiore Hospital, New Tork City, from 1935 through 1948 is presented. 

2. Tliere has been a 100 per cent follnw-uTi 



338 


HARTE AND ADFSES 


J. Thoracic Surg. 
March, 1958 


sexes the ordinary clotliing gave adequate concealment. Arm and shoulder mo¬ 
bility seldom was affected seriously. The occasional severe scoliosis occurred in 
the patients who developed Avound infection. Today, as previously stated, this 
complication rarely ensues. 

The study of those patients in whom cough and expectoration (with nega¬ 
tive sputum) jDersisted revealed that considerable fibrosis and bronchiectasis 
Avas probably present before operation. This Avas visible on their preoperative 
roentgenograms. Today the antituberculosis drugs prepare the patient for 
operation so much more quickly that fibrosis and bronchiectasis are minimal. 
: From the feAV post-mortem examinations available to us on patients Avho 

died of other causes after cure of their tubei'culosis, Ave can state that thoraco¬ 
plasty did result in a pathologic, as well as a clinical, cure. 

There has been no severe reduction in pulmonar}’- reserve in any patient 
Avho had'had uncomplicated unilateral pulmonary disease; and some of these 
patients are alive up to tAventy years after thoracoplasty. One patient aaFo 
had been Avell for seventeen years has developed cor pulmonale, but she had 
bilateral collapse therapy; thoracoplasty on the right, and oleothorax on the 
left. Cor pulmonale did dcA'^elop and Avas the decisive cause of death in a fcAV 
patients in Avhom the thoracoplasty Avas unsuccessful in preventing the progres¬ 
sion and spread of the disease; but in those patients in Avhom a iinilateral 
tuberculosis had been cured, there Avere no late deaths from cor pulmonale. 

It is intere.sting to note that there AA'ere 4 patients in our series in Avhom 
the conversion of sputum did not occur before the eighth, ninth, tenth, and 
thirteenth postoperative years, respectively. When this conversion took place, 
it did so Avithout the addition of any other form of surgical therapy and Avith- 
out the administration of any antituberculosis drugs. Curiously enough, once 
the sputum became negative in these late conversions, it remained so. 

From our study, Ave can report that thoracoplasty for pulmonary tubercu¬ 
losis performed in the pre-antibiotic era resulted in 73.9 per cent cures. These 
results are, in the main, similar to other reports Avhich have recently appeared 
in the literature. We believe Ave are justified in postulating that a much 
higher percentage of good results Avould be obtained Avere a similar group of 
patients operated upon today Avith the aid of all the ncAV drugs and techniques. 
And Avere Ave to eliminate from our present-day operations those patients Avith 
pathologic conditions Avhich Ave now knoAv are not amenable to collapse therapy, 
Ave believe our results Avould approximate those of resectional tllerap3^ 

It is significant that the ideal pathologic condition for thoracoplasty is 
also an ideal case for resectional therapy; and in our enthusiasm for the latter 
type of operation, thoracoplasty is rarely considered as a method of treatment. 
But it is also significant that as the follow-up period lengthens upon patients 
AAdio have had resectional therapy, an increase in the number of reactivations 
has been observed. When thoracoplasty is performed only for suitable types of 
disease, it Avill yield a high cure rate; therefore, it should not be discarded from 
the surgical treatment of pulmonary tuberculosis. The other methods of surgical 
therapy Avill have to equal or better the percentage of cures after a prolonged 
folloAV-up period in order to justify their use in preference to thoracoplasty. 



THE SURGICAL TRBATjMENT OP PULMONARY HEilORRIIAGE IN 
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P ULMONARY hemorrhage is a serious complication of tuberculosis because 
it frequently causes spiead of the disease. Hemorrhage which persists or 
recurs or is large in volume may be a threat to life itself. This paper concerns 
itself, in pait, with tlie reporting of resectional surgery performed without 
complications in 3 eases in whicli the risk of opciation was deemed desperate. 

CASE REPORTS 

The following 3 case histories summarize our recent surgical experiences 
with this pioblem In 1952, one emergency pneumonectomy was pcrfoimed 
In 1954, one pneumoiicctom)^ and one right upper lobectomy were performed. 

Case 1—This 26 year old Negro man’s first indication of pulmonary tuberculosis 
i\as a single hcmoptjsis of SO cc. of blood in January, 1951 E\aminntion ^c^ea^od a large 
left upper lobe cavity, and bilateral pneumonic infiltrations The stained smear of tho 
sputum nas positive for tubercle bacilli. The patient rccchcd PAS and streptomycin 
daily for 18 months. During this period a left phrenic crush and pneumoperitoneum ^'^erc 
performed, and the patient uas Icept at bed rest. He then left tho hospital against advice 
Two months later, after 3 days of recurrent liemoptyses, he was readmitted to the 
hospital Examination di<icloscd findings similar to those found at the time of the first 
admission. Bleeding continued On the sixteenth day after admission, following lecurrent 
liemoptyses amounting to 3,300 cc. m 5 days, and furtlier involvement of the right lung, 
left pneumonectomy was performed Clieniotherapy consisted of isoniazid and PAS Tlie 
right lung infiltrations cleared slowly. The patient was di'scliarged D months postoperatively, 
and chemotherapy was continued for a total of 22 months. Tliereafter, the patient worked 
as a carpet layer. 

Roentgenograms of March, 1954, and March, 1955, were identical m appearance and 
showed no evidence of tuberculous activity. Sputum cultures have been negative for more than 
2 years 

This patient’s \ ray studies do show a thm walled “cyst’* 2 cm. in diameter in the 
right middle lobe (Eig. 1). Its size changes with respiration Attempts to demonstrate 
a focus of tuberculosis have been unsuccessful, even from cultures taken during and after 
hospitabzation for pneumococcal pneumonia of the right middle lobe, Jlarch to May' of 
1955. 

Pathologic examination of the resected left lung revealed two aneurysms of branches 
of the pulmonary artery in the walls of cavities. Bactcnologio studios sliowed complete 
sensitivity to streptomycin (no growth m medium containing 3 5 meg. streptomycin jicr 
millimeter), despite 18 months of streptomycin and PAS given previously. 

From the Bellevue Hospital Chest Service, and the Department of .Surgeo'. College of 
Phjsiclans .and Surgeons, Columbia University’, New i'erk, N. Y. 
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3. The cases in which an nnsatisfacloiy result was obtained have been 
analyzed in an attempt to determine the ca\isc i'or tlie poor outcome. 

4. Seventy-three and nine tenths per cent oi the patients were cured by 
thoracoplasty alone. Surgical mortality was 5 per cent. 

5. Some of the eommonl}" iield objections to tlioraeoplasty are discussed. 
They were not found to bo lircvalent in our cured groui) of patients. 

6. The results which might be obtained l)y thoracoplasty, if performed 
today, are postulated. 

7. Thoracoplasty performed upon a well-chosen group of patients should 
yield long-term follow-up results comparable to the results thus far obtained 
from resectional therapy, for which similar lengthy follow-up periods are not 
as yet available. 

8. There are indications for the use of thoracoplasty in the treatment of 
pulmonary tuberculosis and this procedure should not be discarded. 

9. The results are charted by two methods: (1) the end result on the last 
follow-up date, and (2) the status of the survivors in each postoperative year. 
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Examination revealed a large right upper lobe caMt^, caseous pneumonic processes 
111 the right middle and lower lobes, and early infiltrates in the left lung (Fig 2) Recur 
rent hemoptysos and increased spread to the same and to the opposite lung led to right 
upper lobectomy with concomitant fournb thoracoplastyi one month after admission, on 
Sept 28, 1951 There ivere no pulmonarj or pleural complications postoperative!} 
Chemotherapy postoperative!} was viomjcm and PAS, di'icontinued because of an elevated 
BUN, followed by p}razinaraidc and PAS The sputum became negative in, November, 
1954, 2 months after surgerj 

Tins patient was examined in November, 1955 Five sputum cultures wore negative 
for acid fast bacilli A roentgenogram of the chest showed no evidence of active disease 
The removed right upper lobe contained a large cavity filled with blood clots A specific 
bleeding site was not demonstrated In drug susceptibilit} test*?, the tubercle bacilli from 
the «?putura cultures on admission showed 4+ growth in media containing 15 meg of 
«?treptom}cm per milliliter There was 2+ growth in media with 200 meg of streptomvciii 
l>er milliliter < 



Fig- 2—Case 3 A Preoperative bctlside roentgenogram showing extensive tuberculosis 
bilaterally 

B Roentgenogram made 7 months after right upper lobectomj and partial thoracoplastj 
of ribs 2 3 4 and 5 


C0^1MF^T 

Tlie sequence iii oacli case was uiadequate and nitonupted cheinothcnpi, 
when the patients left the hospital against adiice On le adniissioii, each patient 
lias found to ha^c a laige, thick ■nailed cantv Time ■nas positiie sputum in 
large quantity, and theie nas reason to suspect resistance to pieiioiis foiins of 
chemotheiapy These patients appealed to hare established the pattern of 
leoiiiient oi peisistent bleeding m laige quantities, and had deteriorated to tlie 
point nlieie medical therapy alone was judged to be inadequate to ariest bleeding 
and to pieseiie life 

Heview of Fatal Cases of Puhnonary Ilemoiiliagc —The lecoids and 
loentgenogiams of 21 patients who died as a diieet lesult of pulmonarj licmoi 
rbage in the 10 yeai pei lod, 1945 to 1954, on the Bellevue Hospital ,Glicst_ 
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Case 2.—lu December, 1952, a 22-year-old Negro man was admitted to Bellevue 
Hospital Chest Service for treatment of pulmonarj- tubereulosis. Examination showed a 
left upper lobe cavity measuring 6 cm. in diameter, and diffuse involvement of the left 
lung and of the upper lobe of the light lung. Stieptomycin and PAS were given daily 
for 3 months when the patient left the hospital against advice. He was le-admitted with 
a single small hemoptysis one month later, but stayed only one day. Niue weeks later he 
was re-admitted without hemoptj-sis. He was tiansferred to a sanatorium for treatment, 
and received streptomj'cin, isoniazid, and PAS. He was discharged 11 months later, April 
1954, without further medication. 

He was admitted to the hospital again on June 10, 1954, with a history of an hemop¬ 
tysis of 200 c.c. This had been pieccded by 2 weeks of cough and fever. Large cavities 
were present in each lobe of the left lung. In the next 14 days, bleeding totalled 1,300 c.c. 
There was spread to the right lung. Left pneumonectomy was performed on June 24, 1954, 17 
months after the first admission foi tubeieulosis. Tlie pneumonia in the right lung cleared 
rapidly. He was treated with streptomycin, isoniazid, and PAS. Sputum studios in August, 
1954, uere negative. The patient left the hospital against advice in September, 1954. 



A. B. 

Fig. 1,—Case 1. A, Preoperative roentgenogram in August, 1952, illustrates the extent 
of bilateral tuberculosis. 

B, Postoperative roentgenogram in Slaj'. 1955, shows right middle lobe “cyst." 

Tliis patient has continued to have sputum negative for acid-fast bacilli on smear and 
culture. When last seen in May, 1956, he nas well, and the x-ray examination of his chest 
sliowcd no new or active disease. 

The removed lung levealed laige cavities in each lobe and erosion through the wall 
of a branch of the pulmonary aitery to the left upper lobe. There is no record of sen¬ 
sitivity studies on the tubercle bacilli fiom this patient. 

Case 3.—A 47-year-old Negro man entered the Bellevue Hospital Chest Service in 
August, 1954, following 3 weeks of hemoptysis. In the first 2 w’eeks, the sputum was blood 
streaked; in the last week there was hemoptysis of 300 c.c. a day. He was knowm to have had 
tuberculosis for one year. He had been treated in another hospital with streptomycin, 
isoniazid, and PAS daily for 5 months, and wdth an additional 3 months of isoniazid alone 
before leaving that hospital against advice. A 2-month interval without therapy and at 
full activity, including full-time employment as a store clerk and messenger, preceded this 
admission to Bellevue Hospital. 
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Numbers 

the use of barbiturates and 15 or 30 mg. doses of codeine every few hours if 
necessary. Heavy sedation or narcosis is avoided. Oxygen by tent or nasal 
catheter is used if necessary. Blood is typed and cross-matched. The patient’s 
response to therapy is observed and noted. 

Pneumothorax has been attempted, with the hope of arresting bleeding by 
changing the djmamics in the cavity. It was not successful when tried in 
several of the 21 cases cited, because of pleural symphysis. This experience 
presumably explains the infrequent attempts to employ pneumothorax in this 
group. 

Two patients were treated for hemorrhage with thoracoplasty. In one 
of these the hemorrhage stopped after the thoraeoplastj' had been performed. 
Pneumonectomy was performed 2 years later for a destroyed lung. In the other, 
the hemorrhage finally was eonti-ollcd after tboracoplasti' and revision. This 
patient died one year later as a eonsequcnce of diffuse bilateral spread of 
tuberculosis and subsequent fatal hemorrhage (Fig. 5). 



A. B 

Fig, 5— A, Admission roentgenogram of 35-> ear-old patient, wlio'ie subsequent pul¬ 
monary hemorrhage was controlled by (B) tuo-stage thoracoplasty. Peath occurred one 
year later from hemorrhage from ca\ity in superior segment of right loA%er lobe 


Indications for Bcscctional Surgery.—it is of interest to attempt to define 
the indications for resectional surgery in pulmonary tuherculosis complicated 
by hemorrhage. Prom the experience presented, the indication for reseotional 
surgery is limited to the instance of the patient with the thick-walled cavity 
who continues to have pulmonary hemorrhage in large amounts, and in whom 
a fatal outcome seems certain ivithout operation. 

The decision to operate and the timing of surgery are difficult, and may he 
determined only after repeated observations of the patient as hemorrhage 
continnes. In order to consider excisional sux’gery, the cavitary disease must 
be unilateral. The contralateral disease must he recent. 

In the 3 patients upon nliom a decision to operate was made, it was known 
that there was nnilateral cavitary disease. The episode of bleeding consisted of 
three or more large hemoptyses. There was spread to. the other side. There 
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Service were reviewed (Pig. 3). One exsanguinated, 10 died of asplijocia, and 10 
died of toxicity and h 3 T)ercapnea following spread of tuberculosis (Pig. 4). 

The facts indicated that age and sex were of no significance. The Imown 
duration of tuberculosis in these patients had no bearing on tlie quantity or 
frequency or outcome of the hemorrhage. The history of previous hemorrhage 
had no relation to the severity’’ of tlie current hemorrhage. 

Tlie local characteristics of the lesions appeared to be more important. All 
patients had cavities, which were of various sizes, and located in upper or lower 
lobes, or both. All these patients had eawties witli thick walls. 

Thiis, it would appear that the setting for continuing hemorrhage is to 
be found in the patient wlio has a thick-walled cavity. 



1945 *46 ‘47 ‘48 ‘49 ‘50 '51 '52 '53 ‘54 

YEAR 

Pig". 3.—The incidence of deatlis from pulmonary hemorrhage on tlie Bele^me Hospital Chest 
Service, 1945 to 1954, with indication of patients saved by surgery. 
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Fig. 4.—The causes and time of deatli from pulmonary hemorrhage in 21 patients, 1945 to 1954. 

DISCUSSION 

Tli&rapxj of the Patient With Hemoptysis. — Wg have no statistics of the 
degree and severity of hemorrhage in patients who were treated successfulb’’ by 
therapy other than surgery. Certainly the majority of pulmonary hemorrhages 
cease spontaneously or respond to nonsurgical therapj’^ after a short period of 
time. This is to be explained convincingly to patients ivith pulmonary hemor¬ 
rhage upon admission. 

The patient is positioned with the bleeding side dependent, and the head 
of the bed lowered, to aid cleansing the tracheobronchial tree while limiting 
gravitational spread. Coughing is permitted and encouraged at intervals. 
Excessive coughing is to be avoided mainlj^ by patient cooperation, but with 



CLINICAL MANAGBJIBNT OP POSTTBAUMATIC EUPTUBE OP THE 
THOEACIC AOETA 

B Eiseai vN, 31D, AisD W G Buner, SID 
Denver, Colo 

F ollowing S)eveie nonpenetratmg tlioiacic injury, the aoita may be torn, 
piodncmg either a complete laceration with immediate exsanguiiiation, or an 
incomplete tear of the vessel wall with delayed inptme oi the subsequent foima 
tion of an aneurysm Although reports of such lesions have appeared sporadi 
eallv foi many years,' “ only recently has tlieic been much clinical interest de 
voted to them, due no doubt to then increasing ficquency as accidents incident 
to high speed transportation become more common, and to advances in thoracic 
and vascular smgery which now affoid a leasonable theiapeutic appioach to 
their clinical management ” 

The purpose of this leport is to describe 5 cases of thoiacic aoitie luptuie 
due to nonpenetratmg trauma, all of which were diagnosed clinioallj, and each 
of which represents one phase in the elinieal course and management of tins 
problem On the basis of these and othci lepoited e\perienees, a clinical ap¬ 
proach to these lesions is suggested 

CISE REPORTS 

Case 1—T C, a 42 year old man, suffered severe injury to the chest in an automobile 
accident in 1940, from which he recovered without incident Upon his entrance into the army 
m 1941, a xocntgenogiam disclosed a nia<»s in the left chest (Fig 1, J.) which was present 
ii]‘50 in 1944 and 194S (Fig 1, li) Ketrogradc lortographj in ‘March, 1957, confirmed tlie 
presence of an aneurysm in the descending tJioracic aorta iramediatel} below the left sub 
clavian artery (Fig 1, C, and U) which has remained constant in sl^e since first visualized 
in 1941 This patient is entirely asymptomatic and is being followed bj roentgenograms of 
tJie chest at 6 month intervals 

Summary This posttraumatic thoracic aortic aneurysm located immediatel} below the 
left subclavian artery has been followed without evidence of its progres'^ion for 16 jears 

Case 2—J H F, a 24jcarold man, was in. an automobile accident m November, 
1951 In 1953, upon discharge from the army, lie was told that there was an abnormal 

shadow observed m the roentgenogram of his chest Ho was first seen at the Penver VA 

Hospital in March, 1954, and has been followed at 6 month intervals ever since (Fig 2) 
He remains asymptomatic and there is no evidence that the ancurjsm has enlarged during 
this period 

Summary Tins posttraumatic thoiacic ancurjsm was first observed 2 jears after 

injury and raised the clinical problem of its resection versus tlio advisabilitj of watchful 

waiting Tho latter method was chosen and the lesion has remained unchanged for 4 years 

From the Department of Surgerj Universitj of Colorado School of Medicine and Denver 
Veterans Administration Hospital 

Received for publication June 6 1957 
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was increasing respiratory distress. The patients appeared weaker and more ill 
in every way. In the desperate situations in whicli these judgments for resec¬ 
tional surgery have been made, the question of whether the contralateral spread 
was tuberculosis or blood pneumonia was not of sufficient importance to deter 
surgical intervention. 

Individual case reports of pneumonectomy for the control of pulmonary 
hemorrliage in tuberculosis, b}’- Ryan and Lineberry’* and Ross,“ applied similar 
criteria of selection and timing for excisional surgery. 

Contraindications: We do not advocate e.Kcisional surgery in pulmonary 
hemorrhage except as a lifesaving measure to protect a patient from asphyxia 
and death. Although the coincident removal of the major focus of disease in 
each instance was a major dividend, we believe that properly timed elective 
resections will yield the best results. 

It is conceded that advanced bilateral easeocavitary tuberculosis, pulmonary 
insufficiencj’’, and other usual contraindications will obviate attempts at surgical 
therapy in many inslanees. 

The Operation .—At each operation an ex 2 )erienccd anesthetist gave a rapid, 
deliberate induction and employed a cuffed Magill endoti'aclieal tube. The usual 
lateral decubitus position of the patient was employed with the head of the table 
lowered. It was felt that the theoretical advantages of a bronchial block or a 
divided, selectively occluding, endotracheal tube, or ot an unusual position of 
the patient on the operating table, were unnecessary. Surgical technique was 
directed toward rapid occlusion of the bronchus to the involved lobe or lung. 


SUMMARY 

Most instances of ijulmonai'y hemorrhage secondary to tuberculosis cease 
with i)roper medical therapy. 

The setting for recurrent and uncontrollable hemorrhage is to be found in 
the patient who has a thick-Avalled cavity. 

A report of one lobectomy and two pneumonectomies for the control of 
pulmonary hemorrhage, in the presence of thick-walled cavities, has been 
presented. 

Twenty-one instances of fatal pulmonaiy hemorrhage have been reviewed. 
Seven patients might have been saved by pulmonary resection on the basis of 
current surgical considei’ations. 

Medical, sui’gical, and anesthetic considerations in the patients with pul¬ 
monary tuberculosis and hemorrhage have been discussed. 
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ijrj 3 _Caso 2 A. (1954). Two and one-lialf years following Injury showing aortic aneurysm 

B, (1955). Tran*=iccn'Ical aoitograni showing aneurysm unchanged. 
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Fig. 2C7.—Case 3 (1956). Four and one-half years foUon'lng Injury. Size of an urjsm 

unchanged. 






1.—Case 1. A, (Ifl'll). One j’cnr followine: trauma sliowin/,' slig'lit wicloninK of 
aortic arc'll. 

J3, (1948). Seven and onc-half years folowlngr trauma. Aneurysm unchantjed in size. 
O and D, (1957). Posteroanterlor and lateral cliest x-rays IG years following injury. 
No enlargement but marked calcilleatlon of the aneurysm. 
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FIgr 5 


Flff 4—Case 4 Tuelve houis 'ifter fill from tliird story window There Is marked 
mediastinal widening 

Pig- 5—Case 4 Three tNeeks following injur) The angiocardiogram shows the aortic 
ineuDsm that was not present at tlioracotoni) Immedlatel) following injury 



Flg^ 6 —Case 4 Illustration of findings at second operation The normal aortic wall 
has been circumfercntlall) transected through the Inlima. and media forming an aneur>‘im 
densely adherent to the left pulmonao artery main st^^m bronchus and recurrent lar)ngeal 
nerve 
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Case 3.—^P. A., a 20-year-old man, suffered a fiactured riglit olecranon, and multiple 
lacerations of tlie face in an automobile accident on Jan. 1, 1957, He uas hospitalized else- 
u-here and because of some anterior chest pain nas thought to have a “possible fracture of 
the sternum.” He uas admitted to the Denver VA Hospital 2 da 3 ’s after injurj", at wliicli 
time his condition was good, although a roentgenogram of the chest (Fig. 3) showed ques¬ 
tionable mediastinal widening and elevation of both diaphiagms, patchy atelectasis, and 
minimal fluid in the left base. The olecranon fracture nas repaired under general anesthesia 
rrithout incident on the sixth postinjurj- day. 

He nas about to be discharged on the ninth postrrrjur^y daj- (Jart. 10, 1957), when he 
complained of moderate pain in his back and upper chest. His vital sigrts began to deteriorate 
later in the daj', at which time breath sounds were found to be absent in tire left cliest. 



Fiff. 3.-—Case 3 Three days after trauma. Showing diffuse mediastinal widening and fluid 
at both bases but predominantly on the left 

Tubes uere inserted into the chest, 1,000 c.c. of old blood removed, and his condition im¬ 
proved markedh'. Two hours later Iris condition deteriorated, femoral pulses disappeared 
and he complained of numbness in his feet. As lie uas being taken to surgeiy (approxi- 
luatelj- 8 hours after his complaint of back pain) he suddenlj- went into shock. An emergency 
loft thoracotom}'' revealed a lujitured thoracic aortic aneuij'sm. The bleeding was stopped 
bj' manual pressure over the torn aueurj'siu, and the heart resuscitated sufficient^ to allow 
a formal tlioracotonr.y. The aneurr’sm was resected and a nj’lon graft inserted, but the 
patient died sliortlj' after the occluding aortic clamps were removed. 

Summaiy: For 9 daj’s following injury- this patient had essentially no sj’mptoins refer¬ 
able to the chest. Within an S-hour period, however, he developed chest pain, hemothorax, 
and ultimately went into shock at the momerrt when the aneurysm ruptured into the left 
pleural space. Heroic operative measures were too late for subsequent recovery'. 

C.VSE 4.—E. V. A., a 44-year-old man, fell from a third story w’indow during an epi¬ 
leptic seizure and struck his left chest on the ground, resulting in multiple rib and nrandrbular 
fractures. Upon entry to the Denver VA Hospital on Feb. 19, 1957, a roentgenogram of 
the chest showed a left pneumothorax and marked mediastinal widening (Fig. 4). The 
femoral pulses fluctuated in intensity but Iris general condition was satisfactory. A diagnosis 
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Snmmaiy: TJjirtceii years following chest injury an aneurysm of the descending 
tlioracic aorta was thought to bo enlarging and producing back and chest pain localized to 
this region. It was successfully excised and replaced with a homograft, furnishing relief 
of symptoms. 

Case 6.—W. B. L., a 63 year old man, suffered severe trauma to the left chest at the 
age of 17 when he was kicked by a mule. A mass was noted in the descending portion of 
the aortic arch in 1948, and roentgenograms of the chest showed gradual enlargemeat in 
1953 (Fig. 8, A). He was first seen at tlm Denver VA Hospital in 1957, at which time the 
aortic aneurysm, had appreciably enlarged (Fig. 8, S). Repeated analyses of the blood and 
cerebrospinal fluid were negative for syphilis. Because of advanced metastatic carcinoma 
of the bladder no direct attack on the aortic aneurysm has been advised. 



A. B. 


Fiff 8—Case 6. A, (1953). Forty-three years folJonin^ mule hick to left chest. 

B, (1957). Four years later and 47 years following Injury showing marked growth in 
size of the aneurysm. 

Summary: This descending aortic aneurj'sm is most likely due to severe trauma to 
tlic chest suffered 47 years ago. Proof of such etiology is, however, lacking. It has been 
followed hy serial roentgenograms of the chest for 9 years and has shown marked enlarge¬ 
ment during the past 4 years (43 years following injury). 

The salient features of these 6 cases are summarized iu Table I. 

DISCUSSION 

The number of cases of posttraumatie thoracic aortic aneurysms that have 
now been reported removes this lesion from the realm of curiosity to one ivlioso 
natural history should be carefully described and its proper clinical manage¬ 
ment thereby delineated. The characteristic trauma producing these lesions 
and the hydrostatic principles involved have been well described elsewhere-'’' 
and need not be mentioned further. 
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of thoracic aortic rupture was luado and a left cxploiatory thoracotomy performed within a 
few hours after his admission to the hospital. Altliough tlioie was dilfuse ccchymosis sur¬ 
rounding the entire length of the thoracic aorta, no site of blooding could be found. The 
aorta immediately below the loft subclavian artery was minutely inspected, Imt no evidence 
of laceration was found. As the postopeiative serosanguineous Iluid finally cleared from 
tho loft chest, an aortic aneurysm was noted immediately beneath the left suliclavian aitory. 
This was first visualized on March 10 (Fig. 5), 21 days after injury and subsequent nega¬ 
tive exploratory tlioracotomy. Bronchograms tlio following day showed that the mass oc¬ 
cluded tho loft upper lobe bronchus. At operation on April d, 1957, under hypotliermia 
anesthesia (29° C.), tho aorta was cross-clamped below the left subclavian artery and tlie 
aneurysm opened. There was found to be a 360 degree circumferential, intimal tear with 
a G cm. sejiarution of aortic wall oiiening into the aueuiysmal sac (Fig. 6). Tho aortic wall 
above and below tho aneurysm appeared normal. Twenty minutes after tho aoita was 
clamped, as a lyoiihilizcd aortic graft was being in.scited to bridge tho defect, totally re¬ 
sistant ventricular fibrillation suddenly developed and the patient died. 

Summai-y; Following severe injury to the chest, roentgenograms demonstrated ividen- 
ing of the modiastinum. Exploratory thoracotomy revealed diJl’use periaortic lieniatoma, 
but despite close rrisfreetion of the aorta no evidence of rupluiv was found, Thioo u’ceJfs 
follow’irig injury and negative thoiacotoni}' an aortic aneurysm was demonstrated beneath 
tho left subclavian artery. 



Ji'ljj;. 7 ,—Case T). leifteen years arier severe trauma sliowlnij aortic aneurysm involviiia 
tlie low'er portion of the dcacemllnjj aorta. Tills lesion was successfully excised and replacea 
wltli a lyopliillzed liomotjraft -wlion It boKun to enlarge and cause symptoms. 

Casu 5.—0. M., a 53-ycar old man, was in 2 uutomobilo accidents, one in 1943 and an¬ 
other 1944. In both accidents ho sutTored severe injuries to the left chest and flank and had 
had broken ribs on this side. In 1953, a mass was rioted in tho loft chest on a routine roent¬ 
genogram. lie was asymptomatic, except for some low lumbar back pain, until 1950 when ho 
began to notice pain in the left lower chest and buck. X-ray oxarairiation of the chest (Fig. /) 
showed n questionable onlargemont of tho mass compared to previous studies, klay 21, 1950 
(at the Wold County Qonoral Hospital, Greeley, Colo.), tho patient was operated upon 
under hypothermic (28° C.) anesthesia luid a lemon-shaped aneurysm overlying tho seventli 
thoracic vertebra and measuring 11 cm. in greatest diameter wms removed. A lyophilized 
aortic homograft was used for replacoinont. The patient’s postoperative course was un¬ 
eventful. Subsoquoutly, the back pain disappeai-od, and ho is gainfully employed. 
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Table II. SuMMAar op Cases Previously Retorted 


AUTHOR 

.0. 1 

CASES j 

TIME FROM 
INJURY TO 
DIAGNOSIS 

REMARKS 

Kemp (1923)1 

1 

Immediate 

Tear, ascending aorta; post-mortem 
diagnosis 

Kuhn (1925)2 

1 

10 days 

Post-mortem diagnosis 

Corbitt and Mathews 
(1937)3 

1 

20 hours 

Post-mortem, diagnosis 

Kleinsasser (1943)^ 

1 

Immediate 

Post-mortem diagnosis 

Forbes (1944)= 

1 

30 hours 

Post-mortem diagnosis 

Strassman (1947)® 

69 

1-lS hours 

Review of 7,000 autopsies 

Henning and Agmar 
(1948)T 

1 

4S hours 

Post-mortem diagnosis 

Bradford and Johnston 
(1950)8 

1 

5 weeks 

90 cases reviewed; 7 survived over 18 
hours 

Rice and IVittstruck 
(1951)9 

1 

20 daj's 

Female at term pregnancy 

Hollingsworth ct al. 
(1952)19 

•4 

4 months 

2 years, 4 months 

1 year 

2 months 

1-7 year follow-up; 2 cases with 
thoracotomy only; 1 case had 
Cellophane wrapping of aneurysm 

■Wyman (1953)ii 

3 

8 days 

15 hours 

11 hours 

Post-mortem diagnoses; all were 
aneurysms of posterior aortic arch 

KastI (1953)12 

1 

10 days 

Post-mortem diagnosis 

Bahnson. (1953)i3 

1 

8 months 

Saccular aneurysm; excision with 
closure 

Goyette ct al. (1954)i* 

3 

2 years 

8 years 

4 months 

Thoracotomy; no attempted repair; 
no surgery because of location; 
excision; died 3 months later from 
rupture 

Boriistein (1954)i5 

1 

4 hours, 10 
minutes 

Chest x-ray 3 hours posttrauma said 
to be negative; post-mortem, 
diagnosis 

Hardin et al. (1934)i6 

1 

2 jears 

Increase in size over 8-year period; 
excision and graft; hypothermia; 
operative death from ventricular 
fibrillation 

Stranahan et al. (1955)1' 

1 

5 years 

Successful resection and homograft 
replacement; temporary by-pass 
shunt 

Sarot and Lazzarini 
(1955)13 

1 

14 years 

Successful resection and homograft 
replacement; permanent by-pass 
shunt 

Cooley and DeBakey 
(1955)19 

1 

8 years 

Tangential aneurysmectomy; later 
excision and graft; successful 

Zehnder (19o6)2o 

1 

4^ rial’s 

Post-mortem diagnosis 
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TjVBLK 1. SUMUfAKY OP CASKS IN 'i'lHS SkiUKS 


! 

1 

rATlKNT ; 

'riMC INTDRVAO j 
INJUKY TO 
WAONOSIS 

UUMARlvS 

.1.11. i'\ 

3’oars 

No surgery; 5th your follow-up; no iucreuso in size of aneurysm 

P. A. 

10 (lays 

Kluergcuoy surgery; excision willi ntteiuptod grnft ruplncomcnt; 
(lied 

U. thin A. 

lo' hours 

Itiimedinlo thoracotoiny with esseiitinlly uogntivo lindiiigsj sur¬ 
gery -10 days posttrauuui for aneurysm; attempted excision; 
death from vcntviculuY librillivtion 

T. 0. 

ICtt' yours 

No surgery; cnlcilication of aneiiry.sm but Jio iiiorca.so in size 

0. M. 

B! your.s 

Surgery with ('xci.sion ami liomograft replaeomenl; hypothermia; 
no neurologic sequelae 

W. B. L. 

•13 yours 

Followed for 9 years witli marked eiihirgomcnt of aneurysm 
for last -1 years; no surgery beemuse of inoperable bhuliler 
earcinoma 


NaiuraL Jlisiory of the Jjcsion. —Com]>lete liieoriilion oL' all layers of llio 
uorlu by iioiipcnotrutiiif;' oliosl irainua follo^YS cxlrcinely severe injury and rc- 
snlis in almost instantaneously fatal exsunguination. Although such lesions arc 
couiinon Ihulings at the coroner’s inquosl following airplane accidents,*^ fhey 
have little signilicaucc for the eliiiiciati. In the future the proper use of seat 
bolts and other devices may reduce the number of such iinmedialcly fatal injuries. 

Following incomplete severance of the aortic wall, on the other hand, there 
is a varying period of time befoi’e delayed ]>orforation may develop or before 
an aneurysm may form. Their proper clinical management depends on the 
developmental course of the untreated lesion, which heretofore has not been 


emphasized. 

More than one half of the aortic tears following blunt tlioracic trauma arc 
located immediately below the left subclavian artery,” the remaining being 
either at the origin oJ' the aorta from Die lioai’l, on the concavity of the arch, 
or in the descending aorta. Commonly the tears are transverse and occasionally 
are completely circumferential. The intima is torn but with a varying thick¬ 
ness of the adventitia and media remaining intact. Fxtcrual examination of 
such lesions immediately following injury reveals (Case 4) only a diffuse sub- 
adventitial ocehymosis along the aorta, without any localizing collections of 
blood or bulging of the vessel wall. 

The time that the unbultressed aortic adventitia can witlistand arterial 
pressure before it ruptures, or an aneurysmal dilation occurs, vuidoubtedly de¬ 
pends upon the depth and extent of the original internal laceration. The ad¬ 
ventitia accounts for GO per cent of the tensile strength of an artery"- but Avill 
ultimately give, way if the other layers arc disrupted. The significant tact is 
that such a latent period exists folUnving injury, during which time the lesion 
may bo overlooked by the unsuspecting clinician. On the other hand, if the 
progressive nature of the lesion is recognized, an aggressive surgical approacli 
during this period may be of clinical benefit in avoiding aortic rupture.^ The 
time between injury and aortic rupture in Case 3 was 9 days. The previously 
reported experience in this regard is summarized in Table II and illustrates that 
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Should no such laceration be found to account for the periaortic hematoma, 
the question arises as to the advisability of an exploratory aortotomy performed 
between occluding clamps immediately below the subclavian artery so as to 
visualize the posterior wall of the aorta at this point. In the case cited, such 
a maneuver would in all likelihood have saved the patient’s life. 

A small incomplete aortic laceration found in the immediate posttrauma 
period, before aneurysmal dilatation has developed could probably be success¬ 
fully repaired by simple vascular suture without the necessity for prolonged 
aortic occlusion with resection or grafting. Since such lacerations characteristi¬ 
cally appear in the postei-ior aspect of the aorta, adequate exposure may be 
difficult. 

The clinician must remain vigilant for signs of aortic ruptui'e for at least 
4 weeks following injury and must not ignore such a catastrophic possibility 
merely because of several asymptomatic daj's or even weeks. Normally there 
will bo a warning period of a few hours, during which time the alert and ag¬ 
gressive surgeon will have time to perform thoracotomy before massive hemor¬ 
rhage supervenes. 

Finally, the clinician may be faced with the problem of an asymptomatic 
aneurysm discovered months or even years following injury. Since there is 
good evidence that some of these lesions may remain unchanged for many years, 
such aneurysms probably can safely be followed at 6-month intervals by serial 
roentgenograms or laminograms. Should there be incontrovertible evidence of 
enlargement, or should the lesion become symptomatic, excision and graft re¬ 
placement can be employed. 

Hypothermia (to 29 to 30° C.) and some by-pass shunt around the aneurysm 
should be used, both to minimize the likelihood of spinal cord damage and to 
relieve the heart of the burden of working agaimst an occluded thoracic aorta. 
The hypothermic heart tolerates poorly .such outflow resistance unless inflow 
occlusion is simultaneously employed.”* 

.SUMM.VRT 

1. Six clinical cases of posttraumatic thoracic aortic aneurysm have been 
described which represent various phases of the natural historj’ of this condition. 

2. On this basis and on the previous experience of others, the following 
clinical approach is suggested; 

a. Early thoracotomy should be performed if incomplete aortic laceration 
is seriously suspected. Such a procedure should include careful inspection and 
palpation of the entire length and eircuraference of the thoracic aorta for evi¬ 
dence of laceration. Exploratory aortotomy may even be necessary to visualize 
the site of rupture if no other method discloses the origin of diffuse periaortic 
ecehymosis. 

b. An asymptomatic period of 2 to 3 weeks may elapse following severe 
chest injury before delayed aortic rupture occurs. 

e. Immediately prior to the exsanguinating hemorrhage from an incomplete 
aortic laceration or from the resulting aneurysm, there commonly is a short 
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essentially all such episodes occur during the first 3 weeks following injury. 
Although there may be little or no clinical evidence of aortic damage during 
most of this latent period, a short premonitory period usually precedes per¬ 
foration and cxsanguinalion. Like its atherosclerotic and syphilitic counter¬ 
parts the traumatized aorta characteristically begins to leak slowly at first, 
producing symptoms of hemothorax, respiratory distress secondary to collapse 
of the left lung, and evidence of progressive blood loss. This pre-exsanguination 
period is the surgeon’s last chance to staunch the flow of blood from the 
crumbling aneurysm wall, which like a distintegrating dam may start with a 
trickle but soon ends in a disastrous flood. The period from the first signs of 
perforation to death may be but a few minutes or as long as 24 to 48 hours. 

Early aortic rupture following trauma eharactei’istically occurs within the 
first 3 to 4 weeks. Thereafter an anucrysm may develop which, appearing as 
they do in an otherwise normal aorta, have a better prognosis than their syphilitic 
or atherosclerotic counterparts. Whereas most of the latter rupture within 
8 months after onset of sjuiiptomsi'^ there is increasijig evidence that many 
posttraumatic aneurysms found one month or more after injury remain in¬ 
definitely unchanged. 

Clinical Managcmenf .—An immediate free aortic perforation or transection 
])resen1s no clinical problem inasmuch as the casualty seldom survives to re¬ 
ceive even the most preliminary medical attention. 

When an incomplete aortic tear occurs following nonpenctrating trauma 
the clinical problem resolves itself into: (1) is there actually an aortic injury, 
(2) will the aorta perforate, (3) is an aneurysm developing, and (4) if an 
aneurysm is present, is it expanding or static and should therefore bo excised? 

A high index of suspicion for aortic injuries following severe nonpenetrat¬ 
ing trauma to the chest is essential for tlieir early recognition. Numerous case 
reports in the literature, in which the diagnosis was unsuspected until post¬ 
mortem examination, testify to the previous ignorance of this lesion. Once aortic 
damage is suspected, examination of the chest must be done to determine ques¬ 
tionable widening of the mediastinal shadow and to delineate the outline of the 
aorta. Vital signs should be recorded at fretiucnt intervals for evidence of 
major blood loss and suitable measures provided for replacement therapy. 
Progressive Avidening of the mediastinal shadow, signs of blood loss, or un¬ 
explained left hemothorax necessitate exploratory thoracotomj’' at the earliest 
feasible moment, while the patient’s genei’al condition remains satisfactory. 

The large number of reported cases that have been clinically unsuspected 
and treated by nonoperative means for hours or even days folloAving injury, 
Avhilc they bleed fatally into the chest, make cai'ly thoracotomy mandatory if 
there is serious possibility of aortic rupture. 

An incision in the left fourth interspace will uDoav adequate exposure of 
the entire aorta and an optimal approach to the area immediately inferior to 
the subclavian artery Avhere most of the lacerations will occur. If there is 
any evidence of periaortic ecchymosis (as in Case 4), the entire tlioracic aorta 
must be both minutely inspected and palpated for evidence of an occult tear. 



TRANSFIXION OP THE AORTA ACCOMPANIED BY A 
BROAVN-SEQUARD SYNDROME 

A Case Report 

Alexander C. Baret, M.D.,* Robert P. DeLong, M.D., S. Antpiony 
TuKANomcz, SI.D., AND AVilliam S. Blakejiore, SI.D.** 
Philadelphia, Pa. 

T here are few vopoi'ts of successful suturing of lacerations of the thoi'acic 
aorta and survival is rare. The first successful suturing of an aortic lacera¬ 
tion was by Dshanelidze,' in 1922. His patient Avas a 20-year-old man with a 
stab wound to the left of the sternum in the second interspace. The pericardium 
Avas opened and an 8 mm. ivound about one centimeter from the heart was 
closed. In America, Blalock’ reported the first successful suture of a similar 
wound, in 1932. His patient ivas an 18-year-old man with an ice pick laceration 
througli the first left interspace and tlie intrapericardial portion of the ascending 
aorta. In 19-11, Elkin’ reported 2 cases of ice pick perforation of the ascending 
aorta in which opei'ation was performed with one survival. Again, in 1911,® 
he presented a case of a stab wound of tlie intrapericardial aorta ivitli survival 
after suturing. Beattie and Greer’ reported what they believed was the fifth 
successful repair of a lacerated thoracic aorta. Their patient, a 21-year-old man, 
had been stabbed in the second left interspace and forty-eight hours later a 6 
cm. portion of knife blade was removed from the ascending aorta within the 
pericardium. The 5 reported successful cases all concerned the intrapericardial 
aseending aorta and were remarkably similar wounds. 

Significantly, in 1950, Bradford and Johnston’ remewed the literature and 
reported 90 cases of traumatic rupture of the aorta ivith only 1 patients surviv¬ 
ing the injury. All of these survivors had sustained the aortic tear within the 
pericardium. AVorthy of mention are 2 i-ceorded cases of arteriovenous fistula 
betiveen the aortic arch and the left innominate vein following stab wounds. 
The first successful closure of such a fistula was by Proctor in 1950.” His patient 
Avas a 25-year-old railroad employee ivho ivas struck by flying glass just above 
the left sternoclavicular joint and sustained a minor laceration. He presented 
himself a year later ivith cardiac failure and "buzzing” in his head. An almost 
exact duplicate of this case ivas reported by McCook.' His patient was stabbed 
in the same location and developed an identical fistula which ivas successfully 
closed. 

From the Harrison Department of Surgical Research, Schools of Sledicine, University of 
Pennsylvania, Philadelphia, Pa. 
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(1 to 36 hour) period of a lesser leak. This premonitory warning must be recog¬ 
nized instantly and immediate thoracotomy performed for operative cure. 

d. Asymptomatic posttraumatic thoracic aortic aneurysms discovered inci¬ 
dentally more than a month following injury probably will stabilize and can be 
managed expectantlj’- with serial I'oentgenograms of the chest at 6-month in¬ 
tervals. Should there be any evidence of enlargement or development of 
symptoms they should be excised and replaced with a suitable graft. 


KErERENCES 

]. Kemp, P. E.: Traumatic Eupturc of the Aorta, Lancet 1: 953, 1923. 

2. Kuliii, L. P.; Traumatic Eupturc of tlie Thoracic Aorta With Eeview of 55 Abdominal 

Injuries, Illinois M. J. 47: 420, 1925. 

3. Corbitt, A. W., and Mathews, A. E. K.; Eupturc of the Aorta; A Case Report With 

Discussion, West Virginia M. J. 33: 372, 1937. 

4. Kleinsasser, L. G.: Traumatic Eupturc of the Thoracic Aorta, Ann. Surg. 118: 1071, 

1943. 

5. Forbes, G.; Traumatic Rupture of the Aorta, Brit. M. J. 2: 400, 1944. 

6. Strassman, G.: Traumatic Rupture of the Aorta, Am. Heart J. 33: 508, 1947. 

7. Henning, 13. H., and Agmar, A. R.: Traumatic Rupture of the Tlioracic Aorta; Report 

of a Case, Mill. Surgeon 103: 260, 1948. 

S. Bradford, B., Jr., and Johnston, P. L.; Traumatic Rupture of the Aorta, Surgery 28: 
893, 1950. 

9. Rice, W. G., and Wittstruck, K. P,: Acute Hypertension and Delayed Traumatic Rup¬ 
ture of the Aorta, J. A. M. A, 147: 915, 1951. 

10. Hollingsworth, R. K., Johnston, W. W., and McCooey, J. F.: Traumatic Saccular 

Aneurysm of the Thoracic Aorta, J. Tiiokacic Surg. 24: 325, 1952. 

11. Wyman, A. C.; Roentgenologic Diagnosis of Traumatic Rupture of the Thoracic Aorta, 

Arch. Surg. 66: 656, 1953. 

12. Kastl, W. 11.: Traumatic Rupture of the Thoracic Aorta, Ann. Surg. 137: 111, 1953. 

13. Bahnson, H. T.: Definitive Treatment of Saccular Aneurysms of tlie Aorta With Ex¬ 

cision of the Sac and Aortic Suture, Surg., Gynec. & Obst. 96: 383, 1953. 

14. Goyette, E. M., Blake, H. A., Forsec, J. II., and Swan, H.: Traumatic Aortic Aneurysms, 

Circulation 10: 824, 1954. 

15. Bornstein, P. P.: Dissecting Aneurysm of the Tlioracic Aorta Duo to Trauma, Texas 

State J. M. 60: 720, 1954. 

16. Hardin, C. A., Reisman, K. R., and Dimoiid, E. G.: The Use of Hypothermia in the 

Resection and Homologous Graft Ecplacemont of the Thoracic Aorta, Ann. Surg. 
140: 720, 1954. 

17. Stranahan, A., Alley, E. D., Sewell, W. II., and Kausol, II. W.: Aortic Arch Resection 

and Grafting for Aneurysm Employing an External Shunt, J. Thoracic Surg. 
29: 54, 1955. 

18. Sarot, 1. A., and Lazzarini, A. A.: Resection of Aneurysm of Aortic Arch, and Descend¬ 

ing Aorta; Permanent “By-Pass” Honiograft, Trans. Am. Coll. Cardiol. 5: 175A, 
1955. 

19. Cooley, D. A., and DeBakey, M. E.: Resection of the Thoracic Aorta With Replace¬ 

ment by Homograft for Aneurysm and Constrictive Lesions, J. Thoracic Surg. 
29: 66, 1955. 

20. Zehnder, M. A.: Delayed Posttraumatic Rupture of the Aorta in a Young Healthy In¬ 

dividual After Closed Injuiy, Angiology 7: 252, 1950. 

21. Hass, G. M.: Types of Internal Injuries of Personnel Involved in Aircraft Accidents, 

J. Aviation Med. 16: 77, 1944. 

22. Hiertonn, T.: Arterial Ilomografts. An Experimental Study in Dogs, Acta Orthopaedica 

Seandinav., 1952, Suppl. 10. 

23. Kampmeier, R. H.: Saccular Aneurysm of the Thoracic Aorta; A Clinical Study of 

633 Cases, Ann. lut. Med. 12: 624, 1938. 

24. Byron, F. X., Fields, J., Poster, A., and Hood, R.; Rigid Plastic Prostlieses in Vascular 

Surgery, J'. Thoracic Surg. 34: 423. 1957. 



Volume 35 
Number 3 


TRANSFIXION OF AORTA 


361 


tear was seen. It was then opened and the spinal cord found to be slightly edematous and 
congested. A No. 14 rubber catheter was passed upward and downward along the cord 
for a distance of three or four inches without encountering a block. The knife blade could 
not bo found. A thoracotomy was then carried out through the ninth left interspace. The 
diaphragm was partially opened to facilitate exposure. The point of the knife was then 
easily palpated uithin the thoracic aorta at the lerel of the eleventh thoracic vertebra 
about 3^ of an inch from the anterior wall in the midline of the vessel. A retropleural 
hematoma ^^a3 present around the aorta posteriorly from the diaphragm to about the 
ninth thoracic vertebra and consisted of approximately 200 c.c. of blood. The aorta was 
then mobilized, occluded abo\e and below the point of entrance with Crafoord clamps, and 
lifted off the knife blade anteriorly. The laceration was 1.5 cm. long and was closed with 
a continuous suture of No. 4-0 arterial silk. The time of total occlusion of the aorta 
was seven minutes. Various attempts to manipulate the protruding knife blade were 
iinsucce'ssful since it was firmly imbedded in the vertebral body. Finally it was broken off 



Flff. 2 — a. Anteroposterior view showing blade in sagittal plane to the left of midline 
and at the level of the eleventh thoracic \ertebra. 

6, Lateral view of lower chest and abdomen showing knife blade through the ele\enth 
thoracic vertebra and protruding anteriorly about an inch 

flush with the vertebral body and the remainder left in situ. The removed portion.^ are 
shown in Fig, 1. The chest was closed with a large drainage tube connected to a water- 
seal bottle. The patient received a total of 4,500 c.c. of blood during these procedures 
which ho tolerated very well. Postoperative x-raya revealed that the laminectomy was 
ono vertebra too high, but even so it is believed that the blade remained extradural. 

Postoperatively the patient developed weakness of the right lower extremity and this 
gradually improved. The patient complained of moderately severe upper abdominal pain 
during the first one to two weeks of convalescence and had associated guarding and tender¬ 
ness, probably on a reflex basis. Peristalsis was normal and the patient nas able to eat 
without difliculty. On the seventh postoperative day, the patient exhibited a left 
Babinski reflex which indicated a beginning mass flexor uithdraual reflex and subsidence 
of spinal shock. This was significant prognostically since contusion and not laceration of 
the spinal cord had therefore occurred. The initial bladder catheter drainage was discon¬ 
tinued and the patient voided normally. Ho was discharged back to the prison on Dec. 12, 
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Our case is unique, representing survival after successful closure of a per¬ 
forating, transfixing stab wound of tlie descending thoracic aorta complicated 
by a Brown-Sequard sjmdrome due to concomitant spinal cord damage. 

CASE REPORT 

L. B., a 44-year-old prison inmate, entered the Hospital of the University of Pennsyl¬ 
vania, on Dec. 2, 1956, approximate^' twentj'-seven hours after being stabbed in the back, 
chest, and left arm by a fellow prisoner. The previous medical history was not significant. 
The patient was given penicillin the day of injurj' and morphine for severe pain referred 
to the left hip and radiating over the distribution of the left sciatic nerve. 

The physical examination revealed a well-developed, well-nourished, alert, 44-year-old 
Negro man in no acute distress. The vital signs were normal. There were multiple stab 
wounds of the left chest and arm, some of which were sutured. There was a puncture 
wound of the back about 2 cm. to the right of the midline at the level of the eleventh 
thoracic vertebra. The chest expanded equally and well and breath sounds were normal. 
The cardiac rhythm was legular and no murmurs were audible. The abdomen was soft 
and flat with normal peristalsis. Anal sphincter tone was good. All peripheral pulses were 



Fig. 1.—Stiletto and biade remnant with two pieces about one inch long removed from the 
anterior aspect of the eleventh tlioracic vertebra. 

palpable and equal. The neurological examination revealed all cranial nerves intact, a 
flaccid paralysis of the left lower extremity from below and including the hip girdle 
muscles with intact sensation, loss of pain and temperature sensation over the right 
lower extremity below the gluteal fold, absent deep tendon reflexes in the left knee and 
ankle, and diminished abdominal reflexes on the left. 

The injuries were inflicted by a stiletto, ground from a steel file into a tapering, 
elliptical shape and affixed to a five-inch wooden handle (Fig. 1). 

Studies revealed a hemoglobin of 16.5 Gm. and a leukocj'te count of 12,700. Routine 
studies of blood chemistries were within normal limits. A lateral chest film showed a knife 
blade approximately 9 cm. long which had traversed the neural arch and body of the 
eleventh thoracic vertebra, the tip extending beyond the vertebral body and possibly trans¬ 
fixing the aorta. In the anteroposterior view, a metaUie foreign body only 0.5 by 1.4 cm. 
was visible (Pig. 2). There was also a longitudinal fracture of the neural arch of the 
eleventh thoracic vertebra. No other abnormalities of the thoracic cage or contents were 
noted. 

The patient was operated upon within two hours of admission. It seemed possible 
that the portion of the knife blade, protruding anterior to the body of the vertebra, trans¬ 
fixed the aorta. The remnant was to the left of midline and almost directly in a sagittal 
plane. It was elected to carr 3 ' out a laminectomy over T,,,, T,„ and part of T,. and, if the 
blade could be reached and removal deemed possible, thoracotomy would then be performed 
to safeguard against massive hemorrhage. 

The patient was placed in the right lateral decubitus position and, under endotracheal 
anesthesia, a laminectomy over T,o and T„ was performed. Upon exposing the dura, no 
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tear waa seen. It was then opened and the spinal cord found to be slightly edematous and 
congested. A No. 14 rubber catheter was passed upward and downward along the cord 
for a distance of three or four inches without encountering a block. The knife blade could 
not bo found. A thoracotomy was then carried out through the ninth left interspace. The 
diaphragm was partially opened to facilitate exposure. The point of the knife was then 
easily palpated uithin the thoracic aorta at the level of the eleventh thoracic vertebra 
about ^ of an inch from tlic anterior wall in. tivc midlino of the vessel. A retropleural 
hematoma was present around the aorta posteriorly from the diaphragm to about the 
ninth thoracic vertebra and consisted of approximately 200 c.c. of blood. Tlie aorta was 
then mobilized, occluded above and below the point of entrance with Crafoord clamps, and 
lifted off the knife blade anteriorly. The laceration was 1.5 cm. long and was closed with 
a continuous suture of No. 4 0 arterial silk. The time of total occlusion, of the aorta 
was seven minutes. Various attempts to manipulate the protruding knife blade were 
unsuccessful since it was firmly imbedded in the vertebral body. Finally it was broken off 



Fjg- 2.— a. Anteroposterior view showingr blade in sagittal plane to the left of midline 
and at the level of the eleventh thoracic vertebra. 

b. Lateral view of lower chest and abdomen showing knife blade through the eleventh 
thoracic vertebra and protruding anteriorly about an inch 

flusli with the vertebral body and the remainder left in situ. The removed portions are 
shown, in Fig. 1. The chest was dosed with a large drainage tube connected to a water* 
seal bottle. The patient received a total of 4,500 c.c. of blood during these procedures 
which he tolerated very well. Postoperative x-rays revealed that the laminectomy was 
one vertebra too high, but even so it is believed that the blade remained extradural. 

Postoperatively the patient developed weakness of the right lower extremity and this 
gradually improv’ed. The patient complained of moderately severe upper abdominal pain 
during the first one to two weeks of convalescence and had associated guarding and tender¬ 
ness, probably on a reflex basis. Peristalsis was normal and the patient was able to eat 
without difficulty- On tho seventh postoperativ'e day, the patient exhibited a loft 
Babinski reflex which indicated a beginning mass flexor withdrawal reflex and subsidence 
of spinal shock. This was significant prognostically since contusion and not laceration of 
the spinal cord had therefore occurred. Tho initial bladder catheter drainage w'as discon¬ 
tinued and the patient voided normally. Ho was discharged back to the prison on Dec. 12, 
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Ouv case is uniiiiie, representing survival after snecessftil closure of a per- 
toratrng, tratisfining stab wound of tlie descending tloracic aorta complicated 
3 a J3iown-Sequard S3^ndrome due to concomitant spinal cord damage. 


CASE REPORT 

L. B. a 44-year-old prison inmate, entered the Hospital of the Univeisity of Pennsyl- 
\ania, on Dec. 2, 1956, approximately twenty-seven hours after being stabbed in the back, 
chest, and left arm by a fellow prisoner. The previous medical history was not significant, 
lire patient was given penicillin the day of injury and nioiphine for severe pain refened 
to the left hip and radiating over the distribution of the left sciatic nerve. 

The physical examination revealed a well-developed, well-nourished, alert, 44-year-old 
Aegro man in no acute distress. The vital signs were normal. There were multiple stab 
wounds of the left chest and arm, some of which were sutuied. Theie was a puncture 
wound of the back about 2 cm. to the riglit of tlie midiine at the level of the eleventli 
thoracic \ertebra. The chest expanded equally and well and breath sounds were normal. 
The cardiac rhj-thm was regular and no murmurs were audible. The abdomen was soft 
and flat with normal peristalsis. Anal sphincter tone was good. All peripheral pulses weie 



Fig. 1 .—stiletto and blade remnant with two pieces about one inch long removed from the 
anterior aspect of the eleventh thoracic vertebra. 


palpable and equal. The neurological examination revealed all cranial nerves intact, a 
flaccid paralysis of the left lower extremity from below and including the hip girdle 
muscles with intact sensation, loss of pain and temperature sensation over the riglit 
lower extremity below the gluteal fold, absent deep tendon reflexes in the left knee and 
ankle, and diminished abdominal reflexes on the left. 

The injuries were inflicted by a stiletto, ground from a steel file into a tapering, 
elliptical shape and affixed to a five-inch wooden handle (Fig. 1). 

Studies revealed a hemoglobin of 16.5 Gm. and a leukocyte count of 12,700. Routine 
studies of blood chemistries were within normal limits. A lateral chest film showed a knife 
blade approximately 9 cm. long which had traversed the neural arch and body of the 
eleventh thoracic vertebra, the tip extending beyond the vertebral body and possibly trans¬ 
fixing the aorta. In the anteroposterior view, a metallic foreign body only 0.5 by 1.4 cm. 
visible (Fig. 2). There was also a longitudinal fracture of the neural arch of tie 


was 


eleventh thoracic vertebra. No other abnormalities of the thoracic cage or contents n 


noted. 


The patient was operated upon -within two hours of admission. It seemed possible 
that the portion of the knife blade, protruding anterior to the body of the vertebra, ranS' 
fixed the aorta. The remnant was to the loft of midiine and almost directly m a sa 
plane. It was elected to carry out a laminectomy over T,„, T,„ and part of ’ ^ 

blade could be reached and removal deemed possible, thoracotomy would then be perf 

to safeguard against massive hemorrhage. , , , ,,nr1pr endotracheal 

The patient was placed in the right lateral decubitus position and, unde 
anesthesiaf a laminectomy over T,„ and T„ was performed. Upon exposing the dura. 



BRONCHIAL CLOSURE 'WITH C \TGLT SUTURES 

P \UL. H Sher'ii JI D ,® \ND ,T \mes S Co^ \nt H O 
Glfvn Dilp, lln 

I N JULT of 1956, BjorlA published a icpoit on suture mateiiils used to close 
divided mam and lobe bionelii Appiovimatclj 20 of Ins 22-t patients, uitli 
bronchial closure using nonabsorbable suture mateiials, dei eloped suture gran 
iilomas, whereas none did so when the closure was eftected u ith chromic catgut 
His incidence of bronchopleural fistula did not nicieasc when chromic catgut 
uas used B 30 ik also desciibed the use of ehiomie catgut as eailj as 1929 by 
Biunn® for a one stage lobectoim 

Although the diagnosis of endobionchial sutiiie granuloma per sc was not 
generally used at Glenn Dale Hospital, the bionchoscopic findings ulion a 
broncliopleuial fistula could be visualized implicated the siitiiic as an uiidesiiable 
foieign bodj in the infected bioneliial stump In siiigerj' of other paits of 
the body, silk stitches as well as othei permanent suture materials that have 
interstices have long been known to be undesiiable foreign body foei These 
can and wiE make suigieal infections ehionic and lead to sinus foiination In 
addition to the granuloma effect of a foicign body plus infection, the possi 
bility of a foreign body piomotiiig and/or potentiating a bionchopleinal fistula 
IS implied It IS impoitant to us to hav e a dependable method of bronchial 
stump elosiiie with absorbable suture material to avoid the foreign body effects 
of nouabsoibable iiiateiial 

In addition to the role of silk sutures m infections, it is the opinion of the 
medical staff at the Glenn Dale Hospital that some patients have been known 
to suffer from a chrome cough winch abates aftei the evpeetoiation of a silk 
stitch Tins was occasionally associated with a bionelntis similir to those le 
ported bi Pellnitz ^ An exact tabulation of these cases of stitch cough is not 
possible except foi the few that had stitches removed bj the bronchoscopist 
Neieitheless, the clinical experience of phvsieians follow mg huiidicds of post 
opeiative cases foi many jears cannot be oveilooked This expeiience was 
continued even aftei the advent of diug theiapv, although the niimbei of such 
eases was thought to bo eonsideiablj less since the beginning of stieptomjem 
therapy 

To gam the advantages of absorption of sutuie mnteiial m bionchnl 
stump closure, we began a clinical tinl of clnomic catgut closuie of the bioiichiis 
111 September, 1956 

From Thoracic Surgical SerMCe Glenn Dale Hoapilal Glenn Dale "Md and tlic Do 
partment of Public Health of the Dl'^trlct of CoUimbia 
Recei\ed for publication June 3 J95" 

♦Prc'^cnt addre'ss 257S E Chapman V\e Fullerton Calif ^ 
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1956. A follow-up report two months luter revealed that some atrophy of the left calf 
muscles had occurred but that considerable motor power had returned to the left lower 
extremity and pain sensation had returned to the right. 

SUMMARY 

The first known instance of successful closure of a stab wound of the extra- 
pericardial thoracic aorta is reiDorted. Tliis represents the sixth known case of 
successful suturing of a thoracic aorta laceration. The descending thoracic aorta 
of a 44-year-old man was transfixed by a stiletto plunged through the body of 
the eleventh thoracic vertebra, contusing the spinal cord and producing a Brown- 
Sequard syndrome. The literature is briefly reviewed. 
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weic found to be snieai oi eultuie positi\e In the cases of catgut closuic, 21 
patients had has snmlaiU posituc sputum smoais oi cultures pieopeiatnoh, 
01 the tubciclo bacilli Mere lecoieicd fioiii then lesccted specimens The 
tubcielo bacilli tiom sputa iveic found resistant to sticptoiiiiciii, INH, oi PAS 
in 5 eases of silk closure, and in 3 cases iiliere the closuie iias effected with 
oliioniic catgut All patients neie bionelioscoped prioi to lesectioii No patients 
iiitli acute 01 subacute bioiicliial tubeiculosis or bioiicliitis iieie resected His 
tologic stiidv of the bronchi at the resection line flora the resected specimens 
lias earned out and toiind to eonfitra the picopeiatiie endoscopic inipicssions 

METHOnS OF nRONCHlAL CLOSORF 

A simple, single row of niteriuptcd chromic catgut sutures was used to 
close the bioiichi The ehiomie catgut was open market purchase of Ethicoii 
manufacture In both the eontiol and the eatgnt senes the bronchi weio 
tiaiiseoted and then closed with 3 0 silk oi 2 0 chromic catgut on an Atraiiiiiatie 
needle Occasionally, 4 0 eliiomie catgut uas used when anatomically necos 
saij Each siituie was placed appioumatelj 5 mm deep in the cut end of 
the bronchus This t)pc of stitch avoids the ciowding of masses of sutiiio 
mateiial close to the cut tissues which tends to inteifeic uitli local blood snpph 
In addition, the use of e\cessi\c amounts of sutiiie nnteiial would tend, in the 
cases of nonabsorbable silk, to enhance the possibility of gnniiloma ioimation 
Undue tension on the siituie lino uas aroidcd An an tight seal was effected as 
evidenced bv the usual uiidei saline solution test, with iiicieased eiidotiaclioa! 
ptessure ptoiided by the anesthetist 

DRO'SCIIUL COllPUClTIONS 

Table II siimmatizcs the bioiiehial complications of each gioiip Tlicio 
weio 5 postopeiative piieiimothoiay. pioblems in the contiol group of silk elo 
sure All these occurred from the mam, lobsi, oi segmental bronchi E\act 
diagnoses as to these locations ucic accomplished bj the oliiiical eouise, the 
X ray pictuie and endoscopy in the 2 piieumoiiectoim cases, hj bronchoscopy 
and X ray studres nr the one lobectomy and the one hilobectoni-v ease, and bv 
bronehogram m the one segmental resection case In the catgut sciies, the 


Tvbie II 

1 SILK ] CITCUT 

Bronchopleural fistula of mam, lohe, or segmental hroncUi 5 1 

Air leak fistula of mtersegniental planes 0 2 

Total numher of postres, ctional pneumothorax problems_5_ 3 


fistula in the one piieuraonectoiiiy case was diagnosed bj tlio clinical eomso, x lai 
studies, and bj the obiious result after re intubation The 2 cases of an leak 
fistula from the mtersegniental plane m the catgut cases woie diagnosed in one 
ease by open thoracotomy and direct iisrialization at the time of thoracoplasty, 
and 111 the second ease by the i oentgenogram and the cluneal course This 
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METHODS AND SIATEKIALS 

A total of 60 consecutive pulmonary resections for far advanced and moder- 
atelj^ advanced tuberculosis in which ail the bronchi were closed with chromic 
catgut Avere studied. As a control series, 60 consecutive pulmonary resections 
for surgically similar far advanced and moderately advanced tuberculosis in 
which all the bronchi Avere closed Avith silk stitches Avere compared Avith the 
chromic catgut eases. Tiiese control patients had had 60 similar types of 
pulmonary resections immediately preceding, in time, the catgut group. Tavo 
of the patients Avho had had silk closure had to be eliminated as tliey Avere 
surgically dissimilar by virtue of their having received intrathoracic injections 
of Varidase for hemothorax. Otherwise the consecutive order was rigidly fol- 
loAA'cd. The methods of operation, postoperative care, and general management 
Avere not changed from group to group. For purposes of the study the pul¬ 
monary resections at the Glenn Dale Hospital Avere separated into 7 basic classes: 
pneumonectomy, 12 eases; bilobeetomy, 5 cases; lobectomy, 15 eases; lobectomy 
together Avith simultaneoiAS segmental resection, 7 cases; lobectomy Avitli Avedge 
resection, 6 eases; segmental resection alone, 9 eases; and iinally, segmental re¬ 
section together A\'ith Avedge resection, 6 eases. The catgut closure cases Avere 
matched according to the type of procedure Avith consecutiA'^e silk closure cases 
as outlined in Table I, making a total of 120 patients studied. 

Taui/E I 


SILK I CATGUT 


Total number of individual bronclii closed (main, lobe, or 
segment) 78 73 

Total consecutive piitieiits CO CO 

Number of cases accordiiig to rc.scction classes: 

Pneumonectomy 12 12 

Bilobeetomy 5 5 

Lobectomy 15 15 

Lobectomy and segmental 7 7 

Lobectomy and wedge 0 C 

Segmental lesection .9 9 

Segmental and wedge 0 C 


In each case the actual number of bimichi sutured aa^s tabulated. Only the 
main bronchus, the lobe bronchi, and the segmental bronchi Avere recorded. 
Very small bronchi, such as tliose in the intersegmental planes, Avere not involved 
in any special closure technique. The small difference of 5 bronchial closures 
betAveen the groups is accounted for by the difference in bronchial anatomy on 
the right and the left sides, as A\mll as AA'hether or not the bilobeetomy eases 
Avere done through the intermediate bronchus or as tAvo separate lobes such 
as the upper and middle on the right. 

All patients received vigorous antituberculous chemotherapy administered 
in this hospital until the lesions were considered to have reached maximum 
resolution by x-ray studies and clinical conference studies. In the silk closure 
cases there were 25 patients who had had a positive sputum for tubercle baciin 
by smear or culture 6 months prior to operation, or the resected specimen 
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drugs This, In general, is in agreement -nitli Bjork’s' findings (2) The num 
her of bronchopleural fistulas of the bionchi closed with catgut was lower than 
the number of bronchopleural fistulas in the eases closed with silk The com 
monly knoivn high frequency of hronehoplcmal fistula in resistant positive eases 
held true in the silk group m 4 eases out of 5, whereas 3 lesistant positive 
cases in which catgut was used healed well The sutuie material uas the only 
change in the method of treatment of these 2 consecutive gioups of patients 
These data, together with the known elfeet of foreign bodies in infected aieas, 
suggest that the absorbable niateiial is moie desirable than the silk material 
Fiuthei clinical study of the resistant positive cases in relation to use of ab 
soibable sutiuc mateiial is indicated (3) In the years following lesection the 
patients are likely to benefit from catgut closiiie because the possibility of sn 
tiires being coughed up oi causing sticakmg oi hemoptysis fiom the gianuloma 
effect IS unlikely when absoibablo sutuie materials are used 

suiiir utv 

Closure of bronchial stumps by chiomic catgut in piilmonaiy lesections 
for tubexoulosis has been found to be quite satisfactory and consistently good 
Sixty cases of 73 bionehi closed with catgut ueio compaied with a contiol 
senes of 60 surgically siniilai cases in which 78 bronchi uere closed with silk 
Catgut closure appeared to be superior to silk closure The resistance of tubercle 
bacilli at time of suigcry and the bionchial complications woie discussed 
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latter patient showed a slowly increasing pneumothorax immediately after orig¬ 
inal extubation of chest eatlieters that were placed in the hemithorax at the 
time of the operation. Ee-intubation immediately resulted in full re-expansiou 
and resolution of this pneumothorax. There was no fever or cough. 

Resistance of tubercle Ijaeilli to streptomycin, PAS, and INH, occurred 
in 5 of 25 control eases, in which tubercle bacilli were recovered from the 
sputum or the resected specimen. Of these resistant eases, i patients developed 
bronchopleural fistulas. In the chromic catgut series, there Avere 3 patients 
uith similarly resistant tubercle bacilli, in a total of 21 cases in Avhich tubercle 
bacilli were recovered from sputiun or from the resected specimen. None of 
these 3 patients developed bronchopleural fistulas. In all the resistant cases, 
the patients Avere treated nevertheless AA-ith PAS, INH, and streptomycin, as 
Avell as the other ncAV antituberculous chemotherapeutic agents such as viomycin 
and cycloserine, as such drugs become aA’ailable. In 3 eases of resistant tubercle 
bacilli in Avhich tuberculous lironehopleural fistulas developed, the bronchial 
stumps were A'isualized. In these instances, silk stitches Avere seen to be present 
and acting as eentrall}’ located foreign bodies surroxmded by AA^hite and necrotic 
bronchial tissue. Removal of these stitches, AA’hen it Avas possible AAdth the bron¬ 
choscope, seemed to aid the control of the tuberculous bronchitis. HoAvever, 
there Avas no dramatic cure of the tuberculosis in these patients AAuth established 
tuberculous bronchitis when these stitches Avere removed. This study should 
not be construed to imply that such Avould be the case. Nevertheless the pres¬ 
ence of these foreign bodies seemed deleterious and the pathogenesis of infection 
aggravated by foreign body Avas implied. One patient AAdio had had segmental 
resection developed a nontuberculous silk stitch granuloma in a bronchial 
suture line, and aaus relieved of smuptoms of cough and hemoptysis AAdien the 
silli suture was removed and antibiotics Avere administered. 

CONCLUSIONS 

Sixty tuberculous patients had Amrious types of pulmonary resections per¬ 
formed AAUth 73 separate bronchi closed Avith chromic catgut. They had a sat¬ 
isfactory clinical course. Compared AAUth the previous 60 surgically similar 
tuberculous patients aaRo had 78 bronchi closed Avith siUc, the 60 patients in the 
catgut series shoAved no increase of bronchial complications. In fact, there Avere 
5 major bronchopleural fistulas in the silk group and only 1 major broncho¬ 
pleural fistula in the catgut series. There were 5 resistant positive cases in the 
siUc group, in Avhieh 4 tuberculous bronchopleural fistulas developed. There 
were 3 resistant positive eases in the catgut group and none developed broncho¬ 
pleural fistulas. It is obAuously impossible to folloAV the healing of bronchial 
stumps in patients by serial histologic studies. Further, it is recognized that the 
number of resistant cases is small and only possible trends can be reeognized. 
Certain conclusions, hoAA’ever, have to be reached on the basis of clinical analysis 
and these are as foUoAvs: (1) Chromic catgut is as good as sillc in efteeting suc¬ 
cessful bronchial closure in resections for tuberculosis, whether or not tlie 
bacilli are resistant or sensitive to the usual antituberculous chemotherapeutic 
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Fiff 1 —Ca^e 1 Roentgenogram showing complete atelectasis of the left lung with a 

massive effusion 



ig 2—Case 1 Roentgenogram nnde three months after operition slious good aeration of 
the left lung and a wide open left main bronchus 



TUB KINKED BRONCHUS SIMULATING A BRONCHIAL STENOSIS 

Viking Olov Bjokk, ]\I.D. 

Stockholm, Sweden 

TN cases of pulnionai’y tiiboTeulosis witli atelectasis of the king and a tubercu¬ 
lous einpyeina or a fibrotliorax, an cxHapleural resection is usually performed. 
During the performance of such an extrapleural resection it is often easier to 
complete the operation if, during an earlj’’ stage, the bronchus, the artery, and 
the veins are divided. This practice has only been followed in cases where the 
pulmonary tissue is obviouslj" desiroyed bj' multiple cavities. In all other cases, 
I stronglj* advocate that decortication be performed first in order to evaluate 
how much lung should be removed. Following this principle has made it possible 
to save functioning lung in many eases. In one instance the right lower and 
middle lobes could be saved after having been completely atelectatic under a 
tuberculous empyema for eleven years. One year later 33 per cent of the total 
oxygen uptake occurred on the right side in this patient now found negative by 
guinea pig test. Even patients coming to surgery under the diagnosis of a 
bronchial stenosis with atelectasis and fibrothorax should not be I’outinelj' treated 
by resection. The aim of this paper is to advocate a partial decortication with 
thorough examination of the bronchus before any liilar structure is divided. 
Following this principle it was possible to save pulmonary parenchyma in 2 eases 
with a preoperative diagnosis of bronchial stenosis. The stenosis was found to 
be due to kinking of the bronchus after dislocation and fixation of the lung by 
pleural effusion, and fibrous scarring. 


CASE REPORTS 


Case 1. —A 54-year-old woman developed left-sided pulmonary tuberculosis in 1929. An 
artificial pneumothorax was instituted and continued until 1932. Her pulmonarj' tuber¬ 
culosis wms then considered healed and x-ray studies of the lung remained unchanged for 
twenty-four years. A higli fever then occurred and new x-ray studies showed that the left 
lung was completely atelectatic with a massive pleural effusion (Fig. 1). Bronchoscopy 
show^ed a concentric stenosis of the left main bronchus, .similar to an old tuberculous stric¬ 
ture, 3 cm. below the carina. Bronchography was performed to determine the possibility 
of bronchial resection with bronchotraclieal anastomosis but a complete obliteration of 
the left main bronchus, 2 to 3 cm. below the carina was demonstrated. An extrapleural 
pneumonectomy was planned. At operation, a fluid-containing fibrotic pleural sac was 
found and liberated from the chest wall and diaphragm. A partial decortication was made 
and the lung found better than e.xpectod. The decortication was completed and now the 
lung could be filled with air under high pressure. Some small and hard nodules wore 
palpated in the superior segment of the left lower lobe but there was no indication for 
resection. The left main bronchus was dissected free in its entire length and a longitudinal 
incision made. The stenosis, diagnosed by bronchoscopy and bronchography, could no e 
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SUMMARY 

In pulmonary tuberculosis, bronchial stenosis is a common flndiiig. Of 151 
pneumonectomies for tuberculosis, 37 cases (25 per cent) were performed for 
stenosis of the main bronchus and in 31 eases the stenosis was on the left side 
In a series of 1,000 resections for pulmonary tuberculosis, 2 cases ivith a 
diagnosis of bi’onehial stenosis were found to have a kinlted bronchus secondary 



Fig 4—Case 2 Roeatgenogram after decortication shows good aeration of the left lung 

to a dislocation of the lung due to pleural effusion and fibrosis. The eases illus- 
tiate the advantage of (a) decortication and inspoetion of the lung before 
division of the hilar structures, and (b) a longitudinal bionchotomy for verifica¬ 
tion or exclusion of a bronchial stenosis before the bronchus is divided in cases 
where the e.xternal appearance of the bronchus is not t 3 'i)ical of a stenosis. 

In 2 other eases a preoperativcly diagnosed bronchial stenosis was, at opera¬ 
tion, found to be due to kinking of the bionehus, but the lung was destroyed and 
had to bo removed. 
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found, but the mechanism of bronchial obstruction could bo reconstiucted. As a result 
of the dislocation of the lung, the left main bronchus was kinked. After liberation and 
decortication of the lung, the obstructing kink disappeared. The bionchial incision nas 
closed by inteirupted sutures of No. 3-0 Chromic catgut. The patient made an uneventful 
recovery apart from an atelectasis necessitating a bionchoscopy. Postopeiative roentaono- 
grams then showed good aeiation of the lolt lung (Pig, 2). 



Pis 3—Case 2. Roentgenogram showing left lower lohe atelectasis with Intiapleural effusion. 

Case 2.—A 5S-yeai-old man had a left pleuiisy in Ajiril, 1952. Guinea pig tests of 
sputum and pleural fluid were positive. Bronclioscopy showed a concentric stenosis ot the 
left lower lobe bionchus. A tumor was suspected on tno occasions, but biopsy was nega¬ 
tive. On a preoperative diagnosis of left lower lobe atelectasis, due to a tuberculous 
bionchial stenosis or to a carcinoma (Fig. 3), an extrapleural lobectomy or pneumonectomy 
was undertaken. At operation (Oct. 24, 1952) the left lung was fust completely freed by 
extrapleural dissection and decorticated. It was necessaiy to remove the visceral pleura 
over the lower lobe. After extirpation of the pleuial sac, the left louer lobe was aerated. 
The left main and lower lobe bronchus was dissected free and found to be thin-walled and 
noimal. As it ■uas easy to iialpate the normal wall of the lower lobe bionchus, having a 
1 cm. internal diameter, this was not opened. There was no stenosis of the left lower lobe 
bronchus but the obstruction had been caused by kinking of the bronchus due to the fluid 
collection and fibrosis of the pleura. Immediately after the operation, bronchoscopy was 
performed and showed a normal left lower lobe bronchus. After removal of the tubes, 
an air pocket was formed which needed additional drainage for five days. Otheruase the 
recovery was uneventful and two months after the operation 32 per cent of the total 
oxygen uptake occurred in the left lung. In this case a planned lobectomy for bronchial 
stenosis ended up in a pleuiectomy for a tuberculous pleuiisy (Fig. 4). 
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tumor together u ith the infiltrated part of the bronchial wall should be carried 
out He also states that the seal of a bronchial suture line has a gieat tendency 
to shiinlc causing a stiieture, and nialung bionchoscopie dilatation necessary 
Goldmaii* reports the case of a 45-ycar old woman mtli a carcinoid ade¬ 
nomatous polypoid tumor of the bronchus which reciuied 5 jears after the 
entile tumor was thought to liaie been removed through a bionchoscope He 
found that it iniohed two lings of the right mam stem bionchus just distal 
to the carma He had trouble eontiolling the proximal bronchus and used 
traction sutuics on the carinal caitilage An encircling bronchial excision 
IV as made lather than a sleeve resection and the continuity of the bronchus was 
lestoied without loss of lung tissue 

Gebaiier-' cites a lemarkable ease of Offieei Brown of Melbourne in which 
tlie patient had an adenoma in tlie distal left mam bronchus, opposite the uppei 
lobe oiifiee, which obstiiicted the lowei lobe bionchus and caused expiratory 
emphysema of the left lung The mam stem bionchus was transected above 
the tumor, the uppei lobe bronchus lateial to the tiimoi, the superior segment 
lower lobe bronchus posteiioi to the tumor and the basal bionchi tianseoted 
below the tumoi The distal upper lobe stump was then sutured to the anterior 
edge of the basal stump and the snperioi segment to the posteiior edge Thus, 
the three divided bronchi were converted to a single stump which was anasto 
mosed to the pioximal stump of the mam stem bionchus 

These eases repiesent successful attempts at preseivmg the whole of the 
fuiiotioiimg lung by removntig the local tumor along with varying portions 
of the undoilining bionchial wall 

We lecentlv encountered a bronchial adenoma oiigmating m the left main- 
stem bronchus which we believe is the first such case reported m which an 
entile sleeve of the main stem bionchus was excised with end to end restoration 
of the bronchus 

CASP REPORT 

L M, No 15755 56, h lOjenrold white ninle liid 'ilwajs enjo>ed good heilth until 
2 months prior to admission when he became aware of a short sporadic nonproductive cough 
This persisted and one month prior to adrai’^sion (March 23, 1956) he became aware of the 
gradual onset of chortne«s of breatli During (Ins time he lost no weight, was not febrile, 
had no night sweats, no hemoptysis, and rai‘=ed no sputum 

Three dajs prior to admission, he developed pain in the left posterior chest It was 
not jileiintic but aching in nature, and persisted to admission Just prior to a»lnii«!sion he Imd 
two small episodes of hemoptjsi« A routine chest film m Februarj, 1936, was interpreted 
as normal On questioning, it was learned that the patient was vcr> fond of eating peanuts 
Physical examination disclosed a temperature of 101" F , a pulse of 120, re<’pirations 
of 32, a blood pre«!sure of 132/50 mm Hg Examination of the che*?! «houcd definite lag 
in re<5piration on the left, diminished percussion note, diminished tactile and local fremitus, 
and dimini<5hed to absent breath sounds over the lower two thirds of the left chest Examina 
tion of the right lung was normal 

A roentgenogram (Fig 1) disclosed an elevated left diaphragm with shift of tho 
niediistinum to the left and some collapse of the left lower lobt The clinical impression 
was a'spiration of foreign body (peanut) or broni^hial adenoma Tomography did not rexeal 
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A lthough bi-onehial adenomas usually do not metastasize, they are 
loeallj’' invasive and must be considered potentially malignant tumors to 
be treated by wide local excision. When they involve the main-stem bronchus, 
adequate Avide excision has generally meant pneumonectomy. In recent years, 
however, a number of cases have been reported in which the employment of 
bronchial anastomosis has resulted in the cure of main-stem bronchial adenomas 
by lobectomy rather than pneumonectomjL Only a few eases of local excision 
of the tumor and of portions of the bronchial wall with reconstruction of the 
bronchial tree without loss of lung tissue have been reported. 

D’Abreu and MacHale’- report the ease of a 48-yeai’-old Avoinan Avith an 
adenoma of the left main-stem bronchus just beloAV the opening of the left upper 
lobe bronchus Avhieh Avas treated by excising the entire thickness of the bronchial 
Avail containing the tumor, leaving a minute strip on the anteromedial Avail. 
The repair Avas by an end-to-end anastomosis using linen thread sutures, A 
folloAv-up bronchoscopy 25 months after operation shOAved the lumen at the 
anastomotic site to be tAvo thirds of normal size. 


Crafoord^ cites the case of a young man in aaIioiu an adenoma infiltrated 
a part of the bronchial Avail from just above the right upper lobe bronchus 
doAvn to beloAV the middle lobe bronchus. At thoracotomy, it Avas possible to 
do a radical local excision of the extrabronchial plum-sized part of the tumor, 
the infiltrated part of the bronchial Avail, and tlie intrabronchial tumor with 
subsequent plastic repair of the bronchus. There Avas a tendency to stricture 
formation at the site of the bronchial rejiair Avhich has made bronchoscopic 
dilatation necessary. Crafoord states that Piuce Thomas had a case Avhich he 
successfully treated in the same manner. 

Bjork,^ from Crafoord’s clinic, states that in most cases of mucous and 
salivary gland tumors (adenoma and cylindroma) it is still necessary to per¬ 
form a lobectomy due to long-standing bronchial obstruction causing bronchi¬ 
ectasis. But in early eases, Avhen the changes behind the tumor are reversible 
a lung-sparing course is folloAved. He recommends that most of the intra¬ 
bronchial portion of the tumor be electrocoagulated, giving a free air passage 
Avith re-expansion of the atelectasis and drainage of accumulated secretions. 
Some weeks later a block removal of the intra- and extrabronchial part of the 
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Before the bronchus was transected it was realized that some provision had to be 
made to prevent the proximal bronchus and carina from retracting into the mediastinum 
out of the operative field. Retention sutures would piobably not hold the marked tension 
necessary to bring the carina into view and, in addition, would have been in our w’ay. There¬ 
fore, by blunt dissection with the fingers, the trachea just above the carina was freed and, 
after an intratracheal catheter was passed beyond tlie carina into the right main-stem bron¬ 
chus, a tape was passed around the trachea and tension was placed on it so tlie proximal edge 
of our resection was brought well into the operative field (Fig. 2). A complete sleeve of 
the main-stem bronchus comprising 3 cm. from just below the carina to just proximal to the 
left upper lobe takc-olT was excised and without tension (he two ends were brought together 
using interrupted 3-0 silk sutures. Following this reconstruction the lung expanded and 
collapsed quite well and the suture line retracted into the mediastinum. Altliougli the fate 
of the lung was still uncertain, it seemed that it had a rca^tonable chance of surviving. Tl.o 
chest was closed using two chest tubes for suction drainage. 



Immediately following the operation, the patient’s temperature relumed to normal 
from the preoperative level of 101° F. The patient’s postoperative course was completely 
uneventful. Roentgenograms of the chest showcR that tho mediastinal shift to the left 
returned to the miiilinc and the left diaphragm again fonetioned normally (F'ff- ■’)- The 
creamy material that evtruaed from the lung after bronchotomy was s"'"'.® 
Bronchoscopy, three weeks after operation, disclosed a patent loft 
some irregularity of the anastomotic site The sJk satures 
choseopy, S months after operation, disclosed a 
with no sutures or other evidence of a visible anastomosis. 
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any bronchial pathology. Bronchoscopy was performed three times. On the first two occa¬ 
sions massive bleeding nas encountered as soon as the bronchoscope was introduced into 
the left main-stem bronclius and the examination had to bo abandoned. On the third at¬ 
tempt a nhitish friable tumor nas seen about 2 cm, beyond the caiina. Biopsy revealed 
adenoma of the bronchus. The tumor appeared to fill the entire lumen of the bronchus. 
From the anatomic location of the growth it ivas felt that a pneumonectomy would probably 
be necessary to piovide an adequate leseetion. 

Operation. On April 27, 1956, under geneial inti atraclieal anesthesia, the left chest 
■ft as opened through a posterolateral incision resecting the fiftli rib and dividing the fourth 
and sixth ribs posteriorly for more adequate exposure. At operation, no collapse of the 
left lung nas noted, but rather it was distended and firm and could not be compressed by 
manual pressure. It uas obvious that a main-stem bronchial obstruction was present. Pal¬ 
pation of the entire lung and its hilum did not reveal any masses. The left main-stem 
bronchus was freed from the carina to the left upper lobe takeoff and, by palpating the 
bronchus, an olive-sized mass could be felt tluough its wall just beyond the carina in the 



Fig. 1.—Admission film showing- sliift of mediastinum to teft with interpretation of atelectasis 

of left lower lobe. 

main-stem bronchus. It could not be visualized from the outside of the bionchus. It was 
elected to open the bronchus to delineate the pathology and visualize the pioblem. A 3 cm. 
longitudinal opening was made tluough the lateral wall of the main-stem bionchus. At first 
the thought of a local excision across the pedicle wdth cauterization of the base W'as con¬ 
sidered but the base of the tumor was lelatively extensive and such a course could not be 
defined as an adequate local excision. It was obvious that a generous local excision ivould 
necessitate the removal of a complete sleeve of at least 3 cm. of the left main-stem bronchus. 

It should be mentioned here that, w’hen the bronchotomy was first made, enormous 
quantities of thick white mucoid material extruded from the distal bronchus. The lung was 
then completely decompressed by squeezing it with extrusion of the above desciibed material 
from the distal cut bronchus. Culture was taken of tliis material. Although its appearance 
and the clinical febrile course of the patient suggested massive infection of the left lung, 
it was elected to try to save the lung realizing that if the lung was irreversibly damaged 
a pneumonectomy might be necessary later on. 
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of the bionclnis and lung, tins case demonstiates nhat can he done with 
hronehoplastie techniques and a plea is made to e\ploie such a couise befoie 
resoiting to the usual pneumoneetoniy in these cases 

SUAIII VRl 

1 Bronchial adenomas aie potentiallj' malignant turaois and must be 
treated bj wide local resection 

2 AVhen adenomas occui in the mam stem broiielius, pueumonectomj^ has 
been the piocedure of choice 

3 A case of an adenoma lying within and completely obstiueting the left 
main stem hionehiis m a 19 jcai old male is piesented 

4 A wide local leseetioii was pciformed by lemoimg a 3 cm complete 
sleeve of the hioiiehiis with end to end anastomosis of the bioiiehus and no 
sacrifice of lung tissue 

5 The anastomosis was made possible tcchnicallj by mobiliration and 
tiaction of the tiaeliea above the cavma 

6 Although the left main stem bionchus had appaieiitlj been totally 
blocked foi seveial months, the letamed secretions vvoie steiilo and no ii 
reversible damage of tlie lung could be denionstiated 
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passed througli tlie area of llie anastomosis into botli tlic left upper and left lower lobes 
ot the lung. A po.stopeiative bronehognun revealed a normal appearing left broncinal tree 
without evid(‘nee of luoneliieetasis. 

Comment; Tins ea.-o rcpie.senls one which, we had e.xpectod would rcquiie a pneu- 
inoneetomy but was successfully treated by a .sleeve icsection of tlio wain-stem bronclius. 



Fig. 3.—Postoperative film show'ine clear loft June field and mediastinum returned to the 

inidlinc. 


DISCUSSION 


We believe this case represents tlie first complete sleeve resection of a 
main-stem broneluis tvith successful reconstruction for adenoma of the bronclius. 
This is not technically difficult if the trachea above the carina is mobilized 
and pulled dowinvard bj' an encircling tape. The problem of postoperative 
stenosis or stricture formation is insignificant if a complete sleeve of bronchus 


is removed rather than leaving a bridge of tissue on one wall. Where a 
sleeve is taken the anastomosis is even and .symmetrical without the puckering 


or distortion that results in stenosis or stricture formation. 


This patient’s 


S 3 unptoms and admission x-ray studies suggest that the left main-stem bronchus 
was blocked completely for from 2 to 3 months, jmt the cultures ivc're sterile 
at operation and no bronchiectasis was found bj" bronchogram in the blocked 
lung. Thus, it appears that fairly long-standing complete broncliial obstruction 
does not necessarily produce any irreversible damage to the lung, providing 
infection is not present. Such local resections, of course, predicate an adequate 
margin of resection lest the tumor recur at the anastomotic site as these neo¬ 
plasms are prone to do if completely removed. 

Although a completely intraluminal bronchial adenoma lying within the 
main-stem bronchus must be a relatively rare anatomic finding in adenomas 
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Tabi^ I 



AUTHOR 1 

i 

iir\R 1 

\rE 

1 SITF 

1 

gynecomastia 

PHEGN bNC\ 
TEST 

3 

Askanazyis 

1906 

19 

Hypophysis 

_ 

_ 


Miller and Browneis 

1922 

39 

Retroperitoneal 


_ 

3 

Arendt'? 

1931 

20 

Anterior mediastinum 

Yes 

_ 

4 

Kautrowitzis 

1932 

oo 

Mediastinum tera 

No 

P03 





toma, chonoepi 







tliehoma , 







metastasis 



5 

Fensterio 

1934 

27 

Retroperitoneal 

Y'es 

Pos 

G 

Gt-rbcr"® 

1935 

23 

Retroperitoneal 

Xo 

P03 

7 

Weinberg*’! 

1939 

70 

Bladder 

No 

Pos 

S 

Matlueu and RoIh rt 







son” 

1939 

27 

Retroperitoneal 

Yes 

Not done 

0 

Feriarini23 

1940 

20 

Retroperitoneal 

No 

Pos 

30 

Erdmann, Brown and 







Shaw**! 

1940 

20 

Retroperitoneal 

No 

Pos 

13 

Haman and Lciter"'* 

1943 

57 

Bladder 


Pos 

12 

Plenge"® 

1944 

30 

Retroperitoneal 

__ 

_ 

13 

Stow ell, Sachs, aud 







Ru«5sellio 

1945 

15 

Dienceplialon 

No 

Pos 

14 

Laipply and Shipley^ 

1945 

13 

Mediastinal 

Ves 

Pos 

15 

Ilirsoh Robbins, aud 







Houghtons 

1946 

26 

Mediastinal 

Yes 

Pos 

10 

Ferreira Berruttr? 

1940 

37 

Lung and liver, no 







definite primary 

No 


17 

Giroux and Dos 







nicules‘’8 

1947 

12 

hfediastinal 

No 

Pos 

IS 

I)Toracck29 

1949 

24 

Prostate 

Yes 

Pos 

19 

Shlimovitz and Van 







Browms 

1950 

27 

Mediastinal 

"ics 

Pos 

20 

Zorzi and Piacenti^o 

1952 

29 

Mediastinal 

Yes 

Pos 

21 

Nielubszjc3i 

1952 

38 

Mediastinal 

Yes 

Pos 

22 

Lynch and Blewett^*’ 

1953 

26 

jHediastinal 

^es 


23 

Pasquali33 

1954 

30 

Retroperitoneal 

Yes 

Pos 

24 

Lochmann * 

1954 

61 

Luer 

le** 

- 


•Not mentioned in original case report 


There Nscrc no other children His mother W'ls livmg and well His f \ther was Iwing 
SIX months post lieniicoleetomy for aOenocarcinonn His mother had liad a dermoid tumor 
remoTed from the right ovarj soon after the patient’s birth The tumor was diagnosed at 
the time she was pregnant 

Physical examination revealed a nell developed, obese white male, weighing 240 pounds 
Blood pressure 140/80 mm Hg, pulse 74, respiration 20 There was hypertrophy of both 
breasts, but because of his weight this was difficult to classify as gynecomastia A port 
wine nevus was present oier the right arm and shoulder Healed inguinal herniorrhaphy 
and appendectomy incisions were present The genitalia were normal The physical exam 
mation was otherwise noncontributorj 

Laboratory data Hemoglobin 14 7, hematocrit 46, WBC 9,100 with a normal dtf 
ferential, unne, normal, total blood proteins 7 5, AG ratio 3 OS, albumin 3 92, globulin 3 6, 
Kunkel globulin 165, VDRL (serologic test for syphilis) negative, electrocardiogram 
normal 

X ray showed an anterior supenor mediastinal tumor Skull plates and barium swallow 
were negative 

Hospital Course —The patient had a right thoracotomy performed on Sept 7, 1956, 
and a large globular irregular encapsulated mass was remoied from the anterior superior 
mediastinum The tumor was well encapsulated and there was no evidence of regional node 
involvement 

"When the microscopic diagnosis was returned, showing areas of choriocarcinoma, a 
urine specimen was obtained for gonadotropin assay On the fourth postoperatne day this 
was quantitatively positive to 01 cc dilution The patient’s postoperative cours 






PKIMARY EXTRAGENITAL CHORIOEPITHBLIOMA IN THE MALE 

MEDIASTINUM 

George J. aiAGovEUN, M.D., and Brian Blades, M.D. 
Washington, D. C. 

P RIMARY extragenital, mediastinal chorioepithclioina, although uncommon, 
is strangely enough a disease peculiar to men. The first proved case in a 
female was reported in 1952.’ Although first descrilied in tlie male mediastinum 
by Ritchie,*- in 1903, mediastinal chorioepitlielioma usually represents metasta¬ 
sis from a testicular eaiicer. Most authors maintain that every case must have 
a meticulous serial block section of the testes before an extragenital primary 
chorioepitlielioma can be diagiio.sed,"‘** and that any ease showing small cysts or 
scars in the testes must be discarded, since they may repi'esent priniaiy testicu¬ 
lar tumors undergoing involution.’’ “ 

Others require less stringent criteria, believing careful gross e.xamination 
and representative sectioning sufficient.®’ “ It is reasoned that small cysts or 
sears do not necessarily represent a tumor, but may represent the reciprocal 
effect of the extragenital hormone production. It is likewise pointed out in 
relation to mediastinal primaries, that testicular tumors seldom show anterior 
mediastinal deposits. In one series of 220 cases of metastasizing testicular 
tumors, none showed anterior mediastinal spread.® Some authors’® question 
the validity of spontaneous healing of any testicular tumor. Thus, the valid 
number of reported cases of extragcnital choriocpilhelioma in the male, though 
small, will vary with criteria. This is further confused by^the microscopic pic¬ 
ture, terminology, and origin of extragenital chorioepitlielioma in the male. 

Up to 1957, 24 accepted cases of extragcnital chorioepitlielioma in a male 
have been reported in the literature (Table I). This represents the twenty-fifth 
ease which has been proved by autopsy and serial section of the testes, exclud¬ 
ing those cases which showed evidence of testicular scars or cysts, and is the 
tenth ease of mediastinal origin. 


CASE UEROKT 

D. B., a 20-year-ol(i ivliile male college student, was admitted to The George Washing¬ 
ton University Hospital on Sept. 4, 1956, because of a radiopaque shadow in tlic right hilar 
region found for the first time on routine x-ray two months prior to admission. The patient 
was asymptomatic except for occasional left posterior chest wall pain radiating anteriorly 
in the month prior to admission, and had no history of pulmonary disease, weight loss or 

anorexia. _ . 

The patient had had a right inguinal herniorrhaphy at one year of age, a left inguinal 
herniorrh’aphy at age 6, and an appendectomy at age 7. The past liistory and review of 
systems were, otherwise, noncontributory. A cliest roentgenogram taken in January, 195 , 
was negative. 

TYom the Department of Surgery, The George Washington University .Sciiool of Medicine, 
Wri.siUngton, D. C. 

Keceivecl for publication May 10, 1957. 
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complicated by pain in the left hip region. Roentgenograms suggested metastatic involve¬ 
ment of the left ilium, but no definite diagnosis could be made. He was discharged home 
on the eighth postoperative day. 

Pathology Peport .—The specimen uas a single mass of tissue, lobular in shape, measur¬ 
ing 11.0 cm. by 9 cm. by 6.5 cm. The external surface was smooth, glistening and varied 
in color from light yellow to light red. An occasional irregular dark red hemorrhage was 
noted beneath the capsule. In some areas on tlie external surface, there was a suggestion 
of slight or gradual lobulation. The specimen had a soft, rubbery, consistency. The cut 
surface was soft, orange, and friable. It was focally necrotic and focally hemorrhagic. The 
periphery was more solid, liad a yellow color and was nodular. The central softer necrotic 
areas appeared laminated and had tlie eonsistencj' of fibrinous material. 

Microscopic diagnosis: Germinal tumor. The prime elements in the extragenital ger¬ 
minal tumor were seminoma and embryonal carcinon)a, witli areas of choriocarcinoma. Tlie 
tumor appeared to have been completely removed, but vascular invasion within this tumor 
and the cbnical course of similar cases made the prognosis uncertain. Thymic tissue was 
not identified. 

The remainder of the patient’s clinical course was rapidly downhill because of exten¬ 
sive skeletal and retroperitoneal metastasis. Deep x-ray therapy was administered at another 
institution, but he continued his downhill course, developing a cord compression paralysis 
wliich required a thoracic laminectomj' from T^ to T^ on Oct. 9, 1957. Tlie patient was 
re-admitted to The George Washington University Hospital on Jan. 18, 1957, in a comatose 
state, showing evidence of widespread metastasis, and he died Jan. 21, 1957. 

Autopsy Fmdings .—Germinal tumor comjiosed of seminoma, embryonal carcinoma, and 
chorioepithelioma, primary in the anterior mediastinum and surgically removed, ■with metastasis 
of the embryonal element to lungs, liver, bladder, esophagus, vertebrae, calvarium, left ilium, 
ribs, and brain. Bronchopneumonia, bilateral. Serial sectioning of both testes was negative 
for germinal tumor, but did show azospermia. Gynecomastia was not present. 

DISCUSSION 

The term extragenital chorioepithelioma is misleading. It is doubtful it 
any case actually represents a pure extragenital chorioepithelioma. Most cases 
represent chorioepitheliomatous elements in a germinal tumor, for the most 
part a teratocareinoma. Recent studies have produced greater elucidation of 
the problem of teratogenesis. Most authors have conceded that gonadal teratoid 
gro'vvth originate from a totipotent germinal element of some sort, hut extra¬ 
genital teratomas have almost invariably been considered the result of aberra¬ 
tions in somatic development. How chorioepithelioma, which represents the 
trophoblastic or placental element, could be somatic in origin has always been 
difficult to assess. Recentlj^ Friedman” has shown that extragenital germinal 
tumors are histologically identical to testicular tumors and, has, by compara¬ 
tive morphogenesis, set forth the following germinal origin and development, 
for both sites. 

Teratoma 

(somatic) 

/ 

Teratogenesis 

/ 

Gerniinoma—Embiyoual Carcinoma 
(germ cell) \ 

Trophogenesis 

\ 

Chorioepithelioma 

(trophoblastic) 
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tumor elements may continue to progress despite a falling or negative quan¬ 
titative gonadotropin determination. Since embryoma, seminoma, and teratoma 
have also been sbomi to give a positive urine or serum pregnancy test, this in 
reality may represent unidentified cliorioepitheliomatous elements, since the 
responsible hormone is supposedly specific to the chorionic villi. 

Eadiologically, there is nothing characteristic of chorioepithelioma in the 
differential diagnosis of retroperitoneal or mediastinal tumors. However, if the 
possibility of chorioepithelioma is considered, the diagnosis can be made by a 
urine or serum pregaiancy test in most cases before a tissue diagnosis is obtained. 
Although other germinal tumors do give a positive qualitative chorionic gonado¬ 
tropin determination, chorioepithelioma gives a highly positive quantitative 
determination and in this manner can be differentiated from other germinal 
elements. Gynecomastia has been found to be present in over 50 per cent of 
the recorded cases. Tliis may be unilateral in varying degrees of development, 
so that careful inspection is necessary. Although this tumor may occur at any 
age, as seen in the accompanying table, the greater number occur in the young 
adult. Since these tumors are from germinal anlage, and therefore dormant 
for many years, one may speculate that the hormonal effect of puberty gives 
some stimulus to the trophoblastic development of the germinal cells. It is 
interesting in this respect that this patient’s mother developed a dermoid tumor 
of the ovary when pregnaiit with him, Avhieh was subsequently removed after his 
birth. An hereditary tendency for the development of germiiial tumors in 
this family is suggested. 

The treatment of chorioepithelioma is extremely unsatisfactory. Most pa¬ 
tients die rapidly of metastasis. Loelimann®* mentions sevei'al eases I'eported in 
the European literature of treatment with transfusions of blood from pregnant 
women. The theoiy is that even with a normal pregnancy, cells from chorionic 
villi invade the maternal vascular system stimulating an antibody response 
and a passive immune protection. Similar eases have not been reported in the 
American literature. Since chorioepithelioma is highly radioresistant, early 
diagnosis is imperative and radical excision the only treatment. 

SUMMARY 

This is believed to be the tAventy-fifth reported case of primary extrageiiital 
chorioepithelioma in a male, proved by autopsj’- and serial section of both tes¬ 
ticles. It is the tenth such case of mediastinal origin. We have revicAved the 
criteria for such a diagnosis and have listed the generally accepted cases. 

The origin and morphogenesis of germinal tumors have been revicAved and 
AAdiile extragenital primaries have been in the past considered to be of somatic 
origin, recent Avorkers have shoAvn by comparative morphogenesis the germinal 
cell development of extragenital primaries as Avell as of genital primaries. We 
have pointed out that Avhile most cases are reported as “extragenital chorio- 
epithelioma,” they are in reality germinal tumors in which chorioepitheliomatous 
elements have developed and it is questionable if these eases should be reported 
as a distinct entity. 
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i\IEDIASTINAL GRANULOMAS 

A Revised Concept op Their Incidence and Etiology 

J. WiNTHROP Peabody, Jr., M.D., Robert B. Brown, ]\I.D., 

IL Bruce Sullwan, M.D., and Albert Cannon, IM.D. 

Betpiesda, ]\Id. 

T his paper, while dealing with a representative group of mediastinal tumors, 
is concerned not so much with the mere documentation of another series 
but more spccifiealh* with investigation of the true incidence and etiolog}^ of 
what is generally regarded as an insignificant segment of mediastinal neoplasia, 
namely, the granuloma. 

Generally recognized is the fact that tumors of the mediastinum, althougli 
affording the roentgenologist a fascinating diagnostic exercise, almost invariably 
defy a precise preoperative diagnosis. Less widely appreciated, however, are 
the problems one may encounter in identifying and classifying any given 
tumor even with the specimen in hand and histologic sections analyzed. This 
is graphically demonstrated by the present series in which the gross pathologic 
findings v^ere commonly deceptive and microscopic interpretation was too often 
nonspecific. Only after painstaking study has the etiology of some of these 
tumors been clarified. 

As shown in Table I there have been thirty-seven operations for primary 
mediastinal tumors at this hospital in the past decade. On the Avhole this 


Table I. Tiiiuty-Sevex Pkimaky Medlvstinal Tumors 


TUMOR TYPE 

1 BENIGN 

1 JtALIGNANT 

Thyroid 

2 

- 

Thimoma 

2 

o 

Teratoma 

— 

i 

Pericardial eyst 

5 

- 

Lipoma 

1 

- 

Neurogenic 

4 

2 

Foregut cyst 

Broncliogenic 

3 


Esophageal 

1 

- 

Granuloma 

12 

- 

Totals 

30 

7 


series is comprised of a fairly i'epresentative group of mediastinal tumors with 
the notable exception of an inordinately high number of granulomas. That 
this is an extraordinary reversal of the commonly accepted incidence of gran¬ 
ulomas relative to other mediastinal tumors is best shown by comparing the 


From tlie Departments of Surgery and Pathology, National Naval Medical Center. 
Betliesda, Md. , 

Tlie opinions or assertions contained herein are the private ones of the vyiters ana aie 
not to be construed as official or reflecting the views of the Navy Department or the navai 
service at large. 

Received for publication May 10, 1957. 
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II 



SURGICAL 

SPECIVL 

INITIAL 

PATHOLOGIC 

PINAL 

GROSS VP1FAR\NCF 

PROCEDURE 

FINDINGS 

DIAGNOSIS 

BIAONOSIS 


Thick Willed cjst 6 cm m diameter filled with Rejection 
“sebaceous maternl” idherent to tncliea, 

•superior veni cim, and azjgos a cm 


“Choles 

teatoma^ 

Gnnuloma 

Dense fibrous ma'ss C x 4 cm in dnm adherent Biop^ud 
to tnchea superior voni cin ind izygos lem 


^‘Cicitnx^' 

Granulonn 

Thick willed cjstic tumor 5 cm m dnm ad Re‘sectioii 
lierent to trachei, <5uperior Aeni cia i ind filled 
with thick AAhito miteriil 

— 

Broncho IlistopI isniic 

genic cyst grinulonn 

Dcn<!e matted mi ‘53 of fibrous tissue idherent to Biop'uid 
esophigus 

— 

Sclerosing 

raediis 

tinitis 

Grinulomi 

(‘'clcros 

mg 

mediis 

tinitis) 

Cystic tumor 5 cm 111 dnmettr idherent to Resection 
trichei, C1SC0U3 content 

“ 

Tubcrcu 

lomi 

Histoplasmic 

granulomi 

Solid homogeneous miss 5 x 4 x 3 cm aaiUi Resection 
reddish broAAn grinulir cut surfico 

Nornnl 

angio 

cirdio 

grim 

Infectious 

mononu 

cleosis 

Gnnuloma 

"Miss of matted lymph nodes nuisuring 8 cm Binpsied 
m diameter, middle lobe studded with sub 
plcunl nodules 

— 

Tubcrcu 

lomi 

Histoplasmic 

grinulomi 

5 X 3 X 3 cm mass of Ijniph nodes Resection 


Boeck '3 
sircoid 

Boeck’s 
sarcoid 

Large mass of raitted lymph nodes Bmpsied 

Kcfrictilo 
crystils 
seen AAith 
polinzed 
hglit 

Silicotic Silicotic 

griniiloma gnnulom i 

Multiloculited thick willed cystic miss 4 cm Re tchon 
in diam Avith shaggy inner will and thick 
pasty sebaceous contents 

— 

Cystic 

teratoma 

Grinulomi 

10 X 5 cm bilobulited cystic miss containing Resection 
thick white creimy mitonil, adjicent mirgin 
of it lower lobe presented a subplcural nodule 

**Rirc ind 
fist bi 
cillus” 

Tubercu 

loma 

Ilistoplismic 

grinulomi 

4 cm miss of lymph nodes AAith thick white Resection 
creimy contents, adherent to vigus neiAC 

- 

Tubercu 

lomi 

Histoplasmic 

grinulomi 
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Table 


SKIN tests PREOPER. 


PA.TIENT 1 

AGE 1 

SEX 

1 EACE 

j SYXIPTOXES I 

'I'BC 1 mSTO 1 COCCI 

1 LOCATION 

1 DIAGNOSIS 

No. 1 
(N. G. M.) 

36 

F 

W 

Cough of 2 
months’ du¬ 
ration 

Not recorded 

Bt. paratra- 
cheal 

Lymphoma; 
broncho¬ 
genic cyst 

No. 2 
(J. L.) 

26 

F 

W 

Mild superior 
vena cava 
S3'ndrome 

Not recorded 

Rt. paratra- 
clieal 

Lymplioma 

No. 3 

J. E. H.) 

27 

F 

W 

None 

Not recorded 

Bt. paratra- 
cheal 

Lj'inphadeni- 
tis; lymph¬ 
oma; cystic 
teratoma 

No. 4 
(H. S. W.) 

23 

M 

w 

Pain and burn¬ 
ing over 
lower pre- 
coi'diuni 

Neg + + + Neg 

Rt. posterior 
mediastinum 
adjacent to 
esophagus 

Esophageal 

tumor 

No. 5 
(W. A. S.) 

24 

M 

w 

None 

+ + + Neg 

Rt. paratra- 
eheal 

C}'stic tera¬ 
toma 

No. 6 
(G. N. H.) 

22 

M 

N 

None 

Neg Neg Neg 

Bt. paratra- 
eheal 

Lymphoma; 
bronchogenic 
cyst 

No. 7 
(P. U. H.) 

22 

M 

N 

Hemoptysis 

Neg + + + -h Neg 

Rl. paratra- 
chcal 

Lymphoma 

i 0. S 
(M. 0. F.) 

26 

F 

W 

Nona 

Neg Nog Neg 

Loft mid- 
mediastinum 
between 
aorta and 
pulmonary 
artery 

Lymphoma 

No. 9 
(Z. D. L.) 

31 

U 

w 

None 

+ Neg Neg 

Right mid¬ 
mediastinum 
c.vtending 
around hilus 

Lymphoma 

No. 10 
(A. C. T.) 

23 

M 

w 

None 

Neg + + + + Neg 

Bt. paratra- 
cheal 

Mediastinal 

CJ’St 

No. 11 
(A. M. C.) 

19 

F 

w 

None 

Neg Not recorded Rt. posterior 
mediastinum 
centered at 
level of 
Carina 

Teratoma 

No. 12 
(A. M. P.) 

21 

M 


None 

Neg + + + + Neg 

Left mid¬ 
mediastinum 
level of 

Lymphoma 
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strongly positive liistoplasinin reactors and, finally, (5) routine failure to estab¬ 
lish a specific cause other than in that one case in which acid-fast bacilli were 
supposed to have been demonstrated Prompted by previous experience in 
demonstrating fungi in various eulturally-negative granulomatous foci,^®’ the 
tissue blocks from each of these cases were restudied in order to see what part 
histoplasmosis might play in their ctiologJ^ 



Fig 1 —High-pow or photoniicrogi apli of the neci otic center of the mediastinal granuloma 
lesected in Case 4 (periodic acid-Schift [P'VS] stain) Innumerable typical Histoplasnia aie 
seen, some filling the cjtoplasni of niaciophages. otheis Ij mg free in the surrounding debris 
These organisms, none of wliicii Mere identifiable in hematoxylin and eosin stained tissue 
sections, measuie 3 to 5 niicions in diameter and present a thin outer capsule Many contain 
a small crescent-shaped mass of chromatin material usually situated eccentncallj and stain¬ 
ing intensely led by the FAS method 



Fig 2 —Photomicrograph shon mg a small cluster of Histoplasma lying m ithin a de¬ 
generated maciophage. The faint outline of additional, less distinct, yeast ^rms (^n ne 
seen outside the cell In some instances a prolonged search may be required before nname 
diagnostic forms 


Utilizing tJie periodic acid-SchifP (PAS) stain it was possible to demonstrate 
Histoplasma in 4 eases. Organisms Avhen seen were invariably found in areas 
of caseous necrosis (Pigs. 1 and 2). In one granuloma they were present m 
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Pjff 7—Case i A 2* year oUl ^\hItc woman without an> symptoms ^vhate^er Past 
history anU physical examination were ncgatwe Vt thoracotomy a cystic tumor fttled with 
thick wliito material wis dissected oft the trachea and superior \ena cata This was mis 
diagnosed is a bronchogenic cyst llistopHsmi wero demonstnted later Note the imiM 
calclflc parenchymal lesion seen in the lateral view Just behind the sternum 



1 i? 

Fig 8—Case 11 V 19 >eir old asymptomatic white girl Routine posteiointerlor chest 
roentgenogram (A) showed a large round tumor mass projecting from the right hilua Lateral 
X ray (S) localized It to the mid mediastinum beneath the cirlna The tuberculin skin test 
was negative The rejected cyst contained thick creamy material and a few acid fast bacilli 
were reported to have been found in its caseous contents An adjacent subpleural granuloma 
was also excised from the right lower lobe Meticulous restudy failed to reveal any Hlsto- 
plasma by tlie PAS method but neither could tlie presence of acid fast bacilli be corroborated 
by Zlehl N’eelsen technique Utilizing the methenamlne silver nitrate stain a few forms 
diagnostic of HJstoplasma were found In the mediastinal granuloma while myriads of similar 
organisms were demonstrated in the associated pulmonary lesion (see Fig 3) 
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Fig 4—Case 5 A 21-ycar-old asymptomatic white man wliosc right pai atraclieal lesion 
"'as discovered In a loutine cho.st x-tay. Botii tuberculin and histoplasinin skin tests weio 
slightly positive. A cystic gianuloma was resected, the oilglnal pathologic diagnosis being 
tubeiculoma,” the final one being iiistoplasmic gianuloma 



Fig 


Fig C. 


laig. 5 —Case 7 A 22-ycar-old Negio admitted to the hospital because of lecerit he¬ 
moptysis Chest loontgonogiam disclosed a right paiattaclieal mass All prellnilnaiy 
uere negative except for a strongly positive histoplasinin skin test. At operation f*L EJanuioina 
was encountered, initially diagnosed as a "tuberculoma” but latei found to contain lllstopiasniu 
Pig c—Case 12 A 21-yeai-old asymptomatic white man who in a routine x-ray was 
found to have a left hilar mass. With the exception of a strongly positive liistoplasmn^u 
test all other investigations weie negative. This lesion was also considered a tuoeicuionui 
until subsequent study by special staining methods revealed typical Hlstojilasma. 
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Fiet lO—Cusc 4 A 23-year-oia white man whose only complaint was n burning sensa- 
tjon over the loner precordlum. Examination was negative. Tuberculin skin test was nega¬ 
tive: hlstoplasmin nas strongly positive. Barium swallow demonstrated a smooth compres¬ 
sion of the inid'esophagus thought to be consistent with a benign Intramural esophageal 
tumor ( I and S) At operation a Arm mass of fibrous tissue was encountered. Microscopic 
examination revealed a large amount of dense collagenous connective tissue ((7). Scattered 
throughout were small focal collections of chronic Inflammatory cells and carbon particles, 
(X>) Lymphoid follicles are seen presenting a prominent germinal center surroumlcd by a 
cuff of mature lymphoej tes, tlie foIIicJos being surrounded by a mass of connective tissue. 
This picture is characteristic of sclerosing niedia«tinitls (It Shuman, M.D. Armed Forces 
Institute of Pathology). No fungi were seen wIC ' ' ‘ ' - ^ 
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type of reactive lymphoid h}T)erplasia (Fig. 11) which may cause the lesion 
to be mistalven for a thymoma, a danger emphasized by Castlemau^® and Iver¬ 
son.-'’ Another contained noneaseating granulomas tjTpieal of sarcoidosis (Fig. 
12), while in another (Fig. 13) the polarizing microscope revealed a large num¬ 
ber of doubly refractile particles, 1 to 3 micron in length, typical of silica crys¬ 
tals. 

It seems quite logical to assume, therefore, that a certain percentage of 
mediastinal granulomas are the result of healed or healing mycotic infections. 
If the two can be considered comparable, one might infer that the mediastinal 
“tuberculoma” like the pulmonary “tuberculoma,” is more commonly due to 
histoplasmosis and coccidioidomycosis than to tuberculosis. Thus, among 98 



Fig. 9.—Case 10. A 23-year-old white man who had no symptoms. Histoplasmm skin 
test ■was strongly positive The resected granuloma occupied a characteristic location along¬ 
side the trachea and superior vena cava to which it was adherent. Re-exammation of the 
specimen shoived that it w as not a dei mold cyst as had been originally repoi ted but a 
granuloma instead. Unfortunately its pasty contents had been evacuated, thus obviating a 
specific diagnosis. 

pulmonary granulomas analyzed by one of us,-^ Histoplasina were found in 53 
(54 per cent), Coecidioides in 5 (5 per cent), and tubercle bacilli in 15 (15 
per cent). The fact that cultures were consistently negative for fungi is prob¬ 
ably a reflection of the “burnt out” character of these lesions. This is supported 
by the failure of the organisms to stain by routine methods, which in itself 
is a sign of nonviability. On tlie other hand, it may be necessary to use special 
cultural techniques similar to those used by Emmons and his co-worlcers,-’' 
who obtained cultural proof that in at least one endemic zone 50 per cent of 
apparently normal dogs show histoplasmic involvement of mediastinal tymph 
nodes. Obviously, it is a common infection. The question now arises as to 
how frequently may such fungal involvement resolve so completely as to leave 
no radiographic and minimal anatomic evidence of previous histoplasmic lymph¬ 
adenitis. 
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SUMMARY 

Of 37 priniavy mediastinal tumors in patients operated upon at tlie U. S. 
Naval Hospital, Betliesda, Idd., 12 were granulomas, a relative incidence far 
higher than that generally ascribed to this lesion. Two of these had been 
previously misdiagnosed, one having been called a cystic teratoma and the other 



Fjg-, 13 ,—Case 9 A 31->car-oltl white man who presented with an asymptomatic mass 
m the right hilus (.1) A large mass of matte«i lymph nodes wore encountered at thoracotomy, 
jlicroscoplcally, there were prominent groups of lymphocytes surrounded by epithelioid cells. 
These are separated by a la>er of fibroblasts from areas of fibrillary eosinophilic material 
in which there are a {ew blood >essels, macrophages, and a large amount of carbon pigment 
(B) With polarized light the central pigmentea aieas are found to con‘aln many small 
(1 to 3 microns) doubly rcfractlle particles resembling silica (C). 


Fig 11—Case C A 22-ycar-oId Negro without anv symptoms related to right para- 
tracheal mass fA). Tlie reseclerl specimen presented many lymphoid follicles with germinal 
centers containing large acidophilic masses as well as the usual large reticulum cells (/?). 
■\Vith differential staining, these maF«»e3 are Identified as collagen Cuffs of small mature 
lymphocytes surround the germinal centers. The endothelial lining cells of the sinusoids are 
swollen, giving the appearance of small groups of epithelial colls with a lympliold stroma 
SuperflcJalJy this lesion has some resemblance to a thjmoma. 

Fig 12—Case 8 A 2G-year-od asymptomatic white woman whoso chest -v-ray showed 
a left hilar mass (A). Microscopic examination of the resected specimen disclosed many 
granulomas varying In size and presenting a tliln laminated layer of fibroblasts .at the 
periphery surrounded by chronic Inflammatory cells (B). Epithelioid cells and giant cells 
are noted, but no .areas of caseous necrosis are seen. .Since no orgnni'fms could bo deirion 
strated. thia lesion falls Into that group of granulomatous reaction^called Eoeck’s 


Fig. 11. A and B. (For legend sec opposite page.) 



(For legend see opposite page.) 
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a bronehogeiiie e.yst. jVIost of the others Avere presumed to be tuberculomas, 
altliough cultures had been uniformly negatiAm and acid-fast bacilli AA'ere demon¬ 
strated in only one. 

Re-examination of these granulomas bj’’ the periodic acid-Schiff stain has 
demonstrated Histoplasma in 4 eases. In still another ease, Histoplasma AA’ere 
found onlj' after resorting to Gomori’s methenamine-sih’er nitrate stain. Taa’o 
other lesions associated Avith strongly posith'e histoplasmin and negathm tuber¬ 
culin skin tests Avere negatiA-e for fungi as Avere the other 5 mediastinal granu¬ 
lomas. 

It is suggested that histoplasmosis is more commonly the cause of medi¬ 
astinal gi'anulomas tlian has preA’iously been thought. 
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A. 


U. 



c. n. 

Fit' 1.—Chest loenttenoKiams show mi,' the louml jiaitly calcified nild-nicdiastinal mass. 
Only the rnjlit margin of tlie tumor is seen in the postercranterior pi ejection (.A) but oblique 
(/i) as well as overpenetrated po.steroanterlor (O') and lateral (D) views show It quite cleaily. 



Pig. 2.—Photogiaph of the re.sected specimen. Cut surface reveals the 
tents which were teeming with acid-fast bacilli on smear and from which MycoVaoleuuw zuvvi 
cuJosiv was readily recovered by culture. 





A .SJMi’JA-; MICriK)]) OF SOAPULAU THACTJON FOR CLOHURR OF 
IjATFRMj OJt FOHTRROIjATRHMj (jillOST JNCJBION.S 

0, (J. JinANTKJAN, AM) P. 8, I)K J3oJ{JA, M/JJ, 

JiAf/l'IMOUK, Ml). 


O 0(JA8J0NA8hy ilioro ik dcvclojxM u 8iiii))l<), easy, but clifl'iii'ciit lacUiod 
of mma couinioii, ovoiytlay jirocass oi’ task, wiiicli is woi’lJiy of re- 

portin''. Jji clo.siuf' u Jiilora) oi- po.storolafcraJ Dioracio wound, tiio lawk oi’ lioldiiif? 
tlic filiouldor in jilaco is a difficult one for tiie assislant or for the luicHthetiKt. 
if tin; ahouldo/' ia not licld in jij'oper position tiic muscles and skin do not lie 
jiroperly for accurutc I'capjiroxiinulioji. Jt has been found by j'Cjieatod practice 
that once llic rihs have heeii approximated the inferior ani'lc of the scapula, 
covered by its normal miiscbjs, cun be bi'oupdit easily into view. An ordinary 
towel clij), elamjied Ihrotii'h IIm; muscles into the hone of the inferior angle of 
the scapula, /n-ovides secure conti'ol of the shoulder (Ifig. J). Wilh one hand 
it is easy for the assislant to kcej) the shoulder in j)roj)er ))osition hy traction 
on the towel clanij), leaving the other hand free foj’ othci’ tasks. The incision 
is unobscured, making appinxiinatioj) by sutui'c sinpile and easy. Jtcmoval of 
the towel clamp is at times slightly awkward and thcj'e.foj'o the niusc'lcs must 
not be sutured loo closely lo I In; towel elamj) befoj'o it is J•en)oved, 


BU.M.MAUy 

Jn the closure of a lateral or jiostcj-olalcj’al thoracic incision a towel clainj) 
applied to the inferior angle of the scapula easily provides the necessary trac¬ 
tion for liolding the .shouhlo' in the jiroper j)osition while the tissues of the 
wound are being accurately j'caj)proxiniated by sulure. 


JOotn till) Dujmrtinciil of Sui'ci.-ry, Clnircli J/oiiic nti<l JlutwHal, llalUtiwiv, AM- 
nij<;(!lv(;(l for euMlcuUoii Muy 10, 1007. 
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EESECTION IN PULMONARY CRYPTOCOCCOSIS (TORULOSIS) 

i\lANUEL White, M.D., axd L. S. Arany, M.D. 

W^ALLA Walla, Wash. 

C ryptococcosis (torulo-sis, European blastomycosis, Busse-Busclike’s 
disease, 1894) is a subacute or chronic, veiy often fatal, infection caused 
by Cryptococcus neofonncins, a neiu'otrophic, yeastlike, nonsporulating, non- 
mycelial, budding fungus, 5 to 15 inicra in diameter, characterized by a wide 
gelatinous capsule in India inlv stain.*‘®> Tlie organism is of world-wide dis¬ 
tribution, affecting both sexes and all ages.-*^’ It should be differentiated 
from Blastomyces clcnnatitides, the cause of Gilchrist’s disease, isolated in 
1898,*’ ■’ and llistoplasma cups%ilaium, originally described by Darling 

in 1906.The infection is either localized or systemic. The organisms show 
a great predilection for the central nervous system, with manifestations of a 
subacute or chronic meningitis which is still almost invariably fatal.^’ ■’ ® The 
disease is not transmitted from man to man, from animal to animal, or from 
animal to man. The infection is believed to be air-borne from a reservoir in the 
soil.®*- The most common portals of entry appear to be the respiratory tract and 
the sldn. Dissemination from a localized focus in the lung, skin, or other organs 
takes place through the blood stream and lymphatics. Small lesions in the 
lungs may heal by fibrosis and eventual calcification.’’ 

Prirnary cryptococcosis is not too uncommon, with more than 310 cases 
now on record in world's medical literature, and nearly 38 fatal cases a year 
recorded by the National Office of Vital Statistics during recent years.®' 

2S-31.3s least 100 reported cases had clinical manifestations of a pulmonary 
disease sometime during their courses, and approxhnately one third of these 
showed localization to one lobe or lung.®’ Since Dormer and his col¬ 
leagues,’”- ■‘®’ in 1945, first reported a case of localized pulmonary crypto¬ 
coccosis treated by resection, there have been at least 25 additional eases, in¬ 
cluding our own, bringing the total to 26 eases reported, treated in this man- 

S, 11-ar,, 23, 24, 33, 33, 37, 41, 42, 48 

DL4GNOSIS 

The diagnosis of pulmonaiy eiyptococcosis of localized form seldom has 
been made before operation. There is reason to believe that the diagnosis has 
been missed not infrequently after operation and even after autopsy. A more 
routine use of special histologic staining techniques in every case of obscure 
pulmonary disease, particularly “coin lesion,” “chronic granuloma,” and 
those considered to be “resolving pneumonia” or “uon-.speeific pnpmonitis,” 
will most likely result in the diagnosis of more cases.”-’®’ ®’ 

From the Veterans Administration Hospital, Walla tValla, Wash. 

Received for publication May 20, 1957. 
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should then be considered an indeterminate one. Unless there are overwhelming 
contraindications such as those alreadj’’ alluded to, the presence of an inde¬ 
terminate pulmonary lesion is an indication for an exploratory thoracotomy 
and excision. 

Since at present there is no entirely satisfactory medical treatment for the 
almost invariably lethal er 5 T)tocoecal meningitis, in spite of iodides, actidione, 
stilbamidine, modern chemotherapeutic agents and antibiotics.®- ex¬ 

cision of a localized pulmonary lesion must be done early, before the develop¬ 
ment of meningitis or central nervous system disease. Approximatelj^ 75 per 
cent of the patients in 100 reported cases of puhnonary cryptococcosis even¬ 
tually died with central nervous sj^stem involvement.®-1®- Eesection for local¬ 
ized pulmonary crj^tococeosis should be considered in the same sense as resec¬ 
tion for bronchogenic carcinoma, as proposed by Taber,®i Froio and Bailey, 
Bei’k and Gerstle,^® and Poppe.®®- In Australia, where eiyi)tococcosis is better 
recognized, pulmonary lesions are resected, not only as a prophylaxis against 
nervous system involvement, but also in the hope that resection will affect the 
course of the disease more favorably even when meningitis is already present. 
Clinical improvement and apparent recovery have been reported following 
resection in the presence of cryptoeoeeal aneningitis in at least 2 cases by 
McConchie®’’ and Susman.®®- The follow-up periods have been 6 months and 
about 5 years, respeetivelJ^ Su.sman’s patient received postoperative roentgen 
therapy to the skull and entire spine, with a total skin dose of 6,900 r, given 
expeetantlj-'.®®- Cryptoeoeeal meningitis or meningoencephalitis is known for 
its chronicity and long periods of remission.'*'*- 

CASE REPORT 

A 37-year-old white male .\rmy veteran was admitted to the Veterans Admiaistration 
Hospital, Walla Walla, Wash., on Dec. 16, 1954, with complaint of right chest pain for the 
previous 3 montlis. A survey roentgenogram of the cliest witli a portable unit had revealed 
the presence of a lesion in the right lung api>roximately 3 months before the patient came 
to the hospital. The patient had received a course of antibiotics just prior to admission, 
prescribed by a local physician for treatment of what was believed to be a right pneumonia. 
Low-grade fever had been present iutcnuittently since the onset of tlie right chest pain. 
The patient had smoked one and a half packages of cigarettes daily for many years. The 
only positive ph 3 -sieal findings on admission consisted of some restriction of inspiratory 
expansion of the right side of the chest and the presence of harsh breath sounds over the 
right upper half of the chest. Rales were absent. 

Laboratory data on entrj' showed a Jiemoglobin of 13.2 Gm., white blood cell count of 
13,800, with 72 per cent neutrophils. Blood sedimentation rate was 21 mm. The intra- 
dermal tuberculin PPD first and intermediate strengths, coccidioidin, and histoplasmin tests 
were negative. PPD second strength was wealclj- positive. Repeated sputum examinations 
for acid-fast organisms on smear and culture were negative. 

A miniature survey film of Sept. 24, 1954, revealed a small area of confluent infiltra¬ 
tion at the third anterior interspace on the right, and a subsequent film of Oct. 19, 1954, 
showed no essential change. A film of Dee. 6, 1954, disclosed a small central higlilight 
within the area of infiltration and, at the same time, marked enlargement of the right lulus. 
On Dec. 13, 1951, there was further increase in the right paraliilar density, which now 
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Fig. 2.—Low-power microscopic view of granulomatous appeai'ance of lesion with giant 
cells. (Hematoxylin and eosin stain XlOO; reduced Vn-) 



Fig. 3 


_^HijTh-POwer microscopic view of giant cell laden with white, yeastlike Oi-yptococcus 

neofomxans. (Hematoxylin and eosin stain X430; reduced %.) 
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Table I 


AUTHOR AND YEAR REPORTED 

CASES 

APPAR¬ 

ENTLY 

CORED 

SURVIVORS 

Dormer et al., 1945 and 

2 

1 


RESULTS 


1947 


Starr and Geddes, 1949 


One alive and apparently -well 3 months later, 
in spite of postoperative c.n.s. disease 
wliich responded to large doses of iodides; 
other died with c.n.s. disease 31 days later, 
in spite of iodides 

Alive and well 7 years later 


Froio and Baile}', 1949 1 

McConchie, 1951 3 


1 Alive and well more than 13 years later 

3 One asymptomatic for 10 years with undiag¬ 
nosed small circumscribed lesion in con¬ 
tralateral lung; other with c.n.s. disease 
before resection improved and apparently 
well 6 months later; anotlier alive and well 
2 years later 


Palnirose and Losli, 1952 1 


0 Died with c.n.s. disease 4 years later, with 
onset of S3'niptoms more than 3 years after 
enucleation of lesion 


Cruickshank and Harrison, 1 0 

1952 

Berk and Gerstle, 1952 1 1 

Baker, 1952 3 3 

Schepel and Carsjens, 1953 1 1 

Susman, 1954 2 2 

Poppe, 1954 2 2 

Nichols and Martin, 1955 1 1 

Bonmati et al., 1956 4 3 

Wettingfield et al., 1956 1 0 

Pinnej', 1956 ^ 1 

White and Aranj^, 1957 1 

Totals 26 Sr 


Died with pulmonarj' embolism and c.n.s. dis¬ 
ease 6 da.vs later 

Alive and well more than 8 years later 

Alive and well 9 montlis to 4 years later 

Alive and well 2 months later 

One aVive and aj)parentl 3 ’ well almost 5 years 
later, in spite of c.n.s. disease before resec¬ 
tion; other alive and well 5 years later. 

Both alive and well 18 months later 

Alive and well IS months later 

Three alive and well 4 months to 2 years 
and 8 months later; one died of pneumonia 
and c.n.s. disease within a year later 

Died with small bowel obstruction, carcinoma 
of testis with metastasis, and pulmonary 
tuberculosis 5 weeks later 

Alive and well 1 month later 

Alive and well 30 months later _______ 


are apparentljr cured. The preceding table of results presents a range of ap¬ 
parent cures for periods of 1 month to more than 13 years. 

2. Since 17 per cent of the reported resected cases of patients without prior 
central nervous system involvement subsequently developed it, the prognosis 
remains uncertain. 

3. The most favorable prognosis is limited to eases in which there is no 
evidence of central nervous system involvement before excision of the localized 
pulmonary lesion; 90 per cent of the apparently cured survivors fall under tins 

category. 
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Oxygenator. XJiagram of oxygenator. 
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The level of blood in the blood reservoir tube can be seen in the sight glass 

(Pig. 1). 

A stainless steel blood reservoir of 3,000 e.c. is connected to the bottom 
of the debubbling chamber by plastic tubing for rapid transfusion. This 
reservoir can be raised or lowered to either transfuse or bleed the system. 

A suction tube nipple is provided in the top of the debubbling chamber. 
Thus, blood of the suction flow is not lost but retransfused into the oxygenator. 

PERFORMANCE 

Tliis oxygenator oxygenates at different minute outputs adequately (Table 
I). 


Table 1 


■ EXP. 

NO. 

BATE OF FLOW 
/MIN. C.C 

I1EMOGI.OB1N 

OXYGEN SATUP.ATION 
IN VOLUME PEll CENT 

OXYGEN 

PEIl 

SATURATION 

CENT 

VENOUS 

I AIITEKIAL 

VENOUS 

1 AUTEUIAL 

VENOUS 

1 ABTEIlIAIi 

1 



17.10 

7.58 

22.34 

32.21 

94.61 

2 



17.25 

13.84 

21.92 

57.84 

92.60 

3 


17.61 

17.35 

12.42 

23.51 

52.67 

99.18 

4 

S 

17 

16.75 

18.13 

22.79 

78.71 

99.24 

5 


16.43 

16.5 

17.98 

21.63 

80.67 

95.57 


The carbon dioxide loss as reflexed in the pll during perfusion can be .shown 
to be adequate (Table II). 


Table II 


DOG 

NO. 

TIME IN 
MINUTES OF 
PERFUSION 

DOG BEFORE RUN 

OXYGENATOR 
BEFORE RUN 

OXYGENATOR 

VENOUS I ARTERIAL 

VENOUS 1 ARTERIAL 

59 

0 

7.44 7.53 

7.40 



10 



7.44 7.50 


25 



7.45 7.54 


35 



7.46 7.52 


45 



7.44 7.32 


60 



7 42 7.49 


73 



7.45 7.52 

58 

0 

0 

7.46 7.56 


7.45 7.55 


15 



7.46 7.55 


19 



7.44 7.d4 


57 


53 


0 

5 

10 

15 

20 


0 

6 

14 

25 


7.(30 


7.45 


7.71 


7.39 


7.49 


7.43 

7.53 

7.52 

7.51 


7.44 

7.40 

7.39 


7.64 

7.61 

7.61 

7.61 


7.49 

7.49 

7.49 


All values represent pH. 

The effects on the formed and unformed elements of the blood are detailed 
in Table III. 
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The top edge is held flush with the lower edge of the inverted “V” in the bot¬ 
tom of the bars by a 5 mm. stainless steel rod welded into the base of the “V,” 
the edge of the screen being bent to fit between it and the bar. In assembling 
the unit, stainless steel shims mea.suring 0.15 mm. (0.006 inch) in thickness 
are placed at each end of bars, providing a 0.15 mm. by 30.5 cm. slit for blood 
to be admitted from the top chamber to the screens. The shims and bars 
arc bolted together by 2 rods at each end. The use of shims between the bars 



FIs. 1.—Schematic diagram oj the pump-oxygenator. See text for description. 



Fig. 2.—Diagram of bar and method utilized to attach screens. 








THE USE OF A ]\IODIFIED GIBBON-TYPE PUMP-OXYGENATOR 

I. Description of Apparatus 

Gerald A. Diettert, M.D./' Bernard A. Bercu, M.D., and 
Thomas B, Ferguson, M.D, 

St. Louis, Mo, 

T he successful employment of a screen-type oxygenator for use in an 
extracorporeal circulation lias been demonstrated by Gibbon^ and Kirk- 
lin.-’ ® Howevei', tlie high cost and engineering problems related to the con¬ 
struction of the model they employ have been a deterrent to its general use. 
Because of these factors, a modified version of the “Gibbon” stationary 
batteiy-type screen ox^’-genator has been construetcd in such a manner as to 
eliminate costly and difficult fabrication methods Avithout significantly alter¬ 
ing its oxygenating function. 

DESCRIPTION OF AI’PARATUS 

Basically, the unit resembles that described by Gibbon^ (Fig. 1). The 
top chamber {A) is constructed of Plexiglas in a pyramidal shape, its inside 
dimensions measuring 7.4 by 30.4 cm, with a height of 1.25 cm. The blood 
enters this chamber through inlet B. Tube C allows air to be removed from the 
chamber during filling, evacuation of any air which may enter the system 
during perfusion, and the addition to the system of any drugs desired. Soft 
rubber gaskets are placed on both sides of the plastic top chamber and the 
whole unit bolted through a rectangular steel cover, alloiving securing of the 
chamber to the floor and tightening of the floor to the outside case. 

The floor of the chamber is formed by 9 stainless steel bars which extend 
beyond the plastic top chamber, the 2 outer bars, D, measuring 2.5 b}^ 37.5 cm., 
the 7 inner bars, E, 0.9 by 37.5 cm. The top and sides of these bars are ma¬ 
chined flat, the bottom surface is shaped to form an inverted “V” along their 
length. The screens are attached along the length of the bar to one side of 
this “V” (Fig. 2). 

The 8 stainless steel screens, F, measuring 30.5 by 55 cm. are fabricated 
from Tyler No. 538 screen.! The greatest dimension of the rectangular mesh 
in the screens is oriented in the horizontal plane. The screens are supported 
on the sides and bottom by 5 mm. stainless steel rods Avelded with silver solder. 

'From the Cardiopulmonary Laboratory, Department of Medicine, Wasliington University 
School of Medicine, St. Louis, Mo. 

This work was supported by grant No. H-1S40 from the National Heart Institute. 
Received for publication June 12. 1957. 

•St. Louis Heart Association Fellow in Cardiopulmonary Research, Department 
Medicine, Washington University School of Medicine, 1956-1957, 
tTyler Wire Company Cleveland, Ohio. 
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emptied from the bottom outlet, the circulating pump being left on to con¬ 
tinue the filming of saline on the screens until blood is added to the oxy¬ 
genator. 

Heparinized blood is added to the system through the venous reservoir, 
the remaining saline being emptied as the blood film forms on the screems and 
reaches the bottom of the o-xygenator. The remainder of the system is then 
filled with blood, displacing the saline. Approximately 1,600 e.c. is required 
to prime the system, distributed as follows: 85 e.c. in the top chamber of 
the oxygenator, approximately 800 e.c. on the screens, 300 e.c. in the arterial 
reservoir in the bottom of the case, 300 e.c. in the venons reservoir, and 100 
e.c. in the tubing and filter. 

As soon as the blood is added and before placing the animal on the unit, 
a mi.xture of humidified 07 per cent oxygen and 3 per cent carbon dio.xido is 
started at 10 L. per minute through the oxygen inlet tube. 

SIETHOD OP PROCEDURE 

Donor blood in sufficient quantity to prime the unit and replace c.xpcctcd 
blood loss is olitaincd for dog experiments by femoral cannnlization after 
paralyzing the donor animal with 20 to 30 mg. of succinylcholinc, and sup¬ 
porting respiration with intermittent endotracheal insulfiation of room aii'. 
Heparin, 50 mg. per liter, aqueous penicillin, 1,000,000 U. per liter, and 
streptomycin 0.5 Gm. per liter arc added at the time of bleeding. 

Animals to ho placed on extracorporeal circulation are prepared pre- 
oporativoly by administration of morphine sulfate, 1.5 mg. per kilogram, 
atropine, 0.03 mg. per kilogram, and procaine penicillin, 600,000 U., given 45 
minutes before the procedure is started. Pcntothal sodium, 2.5 per cent, is 
admini.stered intravenously for anesthesia and intermittent endotracheal in¬ 
sufflation of room air is utilized to maintain respiration throughout the pro¬ 
cedure. 

A routine right thoracotomy is performed, entering the pleural cavity in 
the fifth intercostal space. Jleticulous care is taken to ligate all bleeding 
vessels. Tapes are placed about the superior and inferior venae cavae ad¬ 
jacent to their entry into the right atrium to be used for occlusion later. The 
right common carotid artery is isolated via an incision in the neck. A plastic 
catheter is passed into the carotid artery centrally. The superior and inferior 
venae cavae are also cannulatcd with plastic catheters inserted into the azygos 
vein and right auricle, respectively. Blood samples for pH, oxygen, and 
carbon dioxide contents are obtained at this time, at intervals during the pro¬ 
cedure, and just after stopping the extracorporeal circuit. 

The extracorporeal unit is then promptly connected to the animal, making 
certain no air bubbles are trapped in connecting the arterial cannula to the 
arterial outflow tube. 

The arterial and venous pumps are now started, their flow rates iireviously 
set at 60 e.c. per kilogi-am per minute. The venous pump is speeded, main¬ 
taining the level in the venous reservoir until maximum venous return is ob¬ 
tained. Coincidentally the arterial pump is speeded, keeping the level of the 
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permits the use of any number of screens desired, depending on the flow rate 
through the oxygenator. Those not in use are blocked by a single shim ex¬ 
tending the length of the bar. 

The base of the screens is placed in a Plexiglas block, G, the edges fitting 
into machined slots. The bloelc is constructed so that it almost fills the in¬ 
ternal dimensions of the base of the outside ease, H, leaving approximately 
% inch clearance on all sides so that minute changes in blood volume in the 
reservoir produce significant changes in the height of the blood. One oxygen 
inlet tube, J, extends the length of the screens at one side of them and fits into 
the plastic block below while 3 oxygen outlet tubes, K, are placed at the op¬ 
posite side ; their length is such that oxygen flows out of the toj), middle, and 
bottom of the xuiit. The tubes are prc.ss-fitted through the top bars. 

The outside ease, ff, is constructed of inch Plexiglas, its dimensions such 
that it just allows insertion of the assembled screens, oxygen tubes, and base 
block, the bars restuig on its top edge. A inch I.D. blood outlet tube and 
a % inch O.D. saline outlet tube, 0, are provided in the bottom of the case. A 
second case, 1, is constructed outside case 7/ to provide a thermostatically con¬ 
trolled water bath for constant eonti'ol of the blood temixerature and to pre¬ 
vent condensation of water vapor on the interior of the case. 

Sigmamotor finger pumps*' are utilized rather than the modified DeBakoy 
pumps used in the originally described oxygenator. These pumps provide a 
pulsatile rather than a constant flow. Their speed is controlled manually 
xvith a vernier gear control. 

These pumps are placed in relation to the ox.vgenator as shown in Fig. 1, 
pump L acting as a cycling pump for the oxygenator, and pumps M and N as 
venous uptake and arterial output pumps, respectively. A plastic venous 
reservoir (P) placed appi-oximately 3 feet below the level of the right auricle 
receives blood by gravity flow from the venae cavae. Mayon plastic tubingf 
and stainless steel connectors are used throughout except for the short segments 
of soft latex tubing placed in the finger pumps. 

The filter Q is constructed of two pieces of Plexiglas with fine mesh nylon 
elothf held across the cavity between them. "With the inflow placed at the 
top and the outflow at the bottom, the filter also acts as an air bubble trap. 

This entire unit for extracorporeal circulation can be constructed and 
assembled for a cost of approximately $3,000.00, and eliminates many of the 
difficulties encountered in constructing the originally described models. Flow 
rates of 400 c.c. per minute for each screen can be obtained. This will give 
a total flow of 3.2 L. per minute if all 8 screens are used. 

In operation, the entire unit is initially filled and washed with physi¬ 
ologic saline. The single Sigmamotor pump L which functions as the circu¬ 
lating pump for the oxygenator is used to fill the case completely with saline, 
its rate set to exceed the anticipated perfusion rate for the patient and to keep 
the top chamber filled, but not under pressure. The saline is then slowly 


♦Sigmamotor, Inc., Middleport, N. V. 
tMayon Plastics, Minneapolis, Minn. 
$A. G. Bedin, Inc., Chicago, III. 
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CONDUCTION SYSTEM IN IIUJLVN HE^UITS WITH INTER¬ 
VENTRICULAR SEPTAL DEFECTS 

Raymond C. True.y, Ph.D., and Josephine Kain Bishoe, 3I.S. 
Philadelphia, Pa. 

I 3IPROVED techniques in cardiac catheterization and angiocardiograpliy liave 
resulted not only in early diagnosis of cardiac anomalies, but have provided 
accurate information as to the location, size, and number of developmental 
defects.’’ “ The rapid advances in thoracic and open cardiac surgery have kept 
pace with the above improved diagnostic methods, so that attention has now 
been focused upon the need for more detailed knowledge of heart anatomy 
in certain cardiac anomalies. 

Defects of the interventricular septum were of particular interest to the 
authors, for such defects are not an uncommon anomaly and have been closed 
surgically with success by several investigators.’ “ The gross anatomy of such 
human septal defects was described by Lev’ and classified clinically by 
Warden’ and Been’ and their co-workers, yet little information was to bo 
found on the intracardiac location of the specialized conducting tissue in hearts 
with such interventricular septal defects.'" The need for such a microscopic 
study was further emphasized recently by Lillehei in the discussion of another 
paper," when he stated, “the incidence of complete heart block has been about 
12 per cent in the patients having ventricular septal defects repaired.’’ 

It should be pointed out that the development and microscopic structure 
of such specialized cardiac elements in the human heart have been studied."'" 
The excellent histologic studies of Yater and co-workers"’ were unique in 
that they studied in detail the conduetion tissue of 9 human hearts to de¬ 
termine the pathogenesis of bundle branch block, but none of these hearts had 
septal defects. 

From the Division of Anatomy ami the Cardiovascular Institute of the Hahnemann 
Medical College and Hospital. 

This study was supported by U S Public Health Grant H-1591. 

Received for publication June 27. 1957. 

J2l 


420 


DIETTEET, BEECU, AND PEEGUSON 


J. Thoracic Surg. 
March, 1958 


blood in the bottom of the oxygenator constant. This procedure is a rela¬ 
tively simple one since the large plastic block in the base of the case results 
in rather marked changes in the level with relatively small changes in volume. 
With proper adjustment of the pumps, the venae cavae are occluded by slid¬ 
ing rubber tubing tightly over the tapes and clamping. In most instances, 
endotracheal respiration is stopped during the perfusion. Blood may be re¬ 
turned to the venous reservoir and subsequently to the extracorporeal circuit 
by means of the coronary sinus system as illustrated in Fig. 1. Any blood loss 
is manifested by a fall in the level of blood in the venous reservoir. 

The pH is folloAved throughout the perfusion and acidosis partially or 
completely corrected by the addition of 7.5 per cent sodium bicarbonate, usu¬ 
ally in about 50 c.c. amounts. Protamine in amount equal to li/o to 2 times 
the amount of heparin employed is then administered directly into the right 
auricle or very slowly intravenously during closure of the chest. 

Both endotracheal and chest tubes are left in place until the animals show 
definite lightness of anesthesia, usually about one hour after the perfusion 
is terminated. In some of the animals with both weight loss and a fall in 
hematocrit after the procedure, eitrated blood is given intravenously in ade¬ 
quate anrounts. 

During the initial runs of dogs on this pump oxygenator, during whicli 
time modifications were being made, the mortality was significant. With the 
final model as described above, 8 dogs have been operated upon. These an¬ 
imals had a right ventriculotomy and were maintained on tlie pump-oxygenator 
for 30 minutes. Of these dogs, 7 survived. The eighth dog was given an 
intravenous dose of protamine sulfate, penicillin, and streptomycin about 
one hour postoperatively. Shortly after this, it developed shock and died. A 
revicAv of the physiologic changes in the experimental animals will be re¬ 
ported separately. 


. SUMMARY 

A modified Gibbon-type pump-oxygenator has been described. This model 
functions well at high flows and can be constructed at a low production cost. 

TJie authors wish to thank Mr. Severin Altpeter and Mr. Stanley Altpeter of the Pure 
Co., Inc., St. Louis, Mo., for the construction of the oxj'genator described in this report. 
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The present study was an attempt to provide more precise anatomic in¬ 
formation on the location and course of the specialized conduction tissues of 
human hearts that had high intei'ventricular septal defects. 


MATERIALS AND METHODS 

Fifteen human hearts with high interventricular defects were used in this 
study. All of the specimens had additional eardiac anomalies although no 
hearts in our series demonstrated any abnormal ante-mortem cardiac rlijdlim. 
There were 8 male and 7 female specimens; 14 were from patients 2 days to 3 
years of age, while one was from a 27-year-old patient. 

The gross specimens were photographed for future reference. The 
anterior wall of each was cut and marked with India ink for ease of orienta¬ 
tion i)rior to tissue fixation and embedding. Nine were embedded in celloidin, 
one in i)araffin, and 5 specimens Avere used for gross study under a dissecting 
mieroseo])e (see Figs. 15-18). The 10 specimens used for microscopic stuclj^ 
were cut in serial section and stamed individual!}’' by a hlasson trichrome-light- 
green method. A Avax model reeon.struction Avas made of a 2-month-old speci¬ 
men to demonstx’ate the position and relationships of the specialized conduction 
tissues to the septal defect (sec Fig. 7). 


RESULT.S 

The specialized tissues of the conduction system Avere easily identified in 
sections stained Avith the i\Iasson technique by their pale stained appearance. 
All muscular elements Avere red in contrast to the light-green appearance of 
the connective tissue elements. 

We Avere surprised to obseiwe extensive hemorrhage in the specialized 
tissue of 6 of our specimens. Hemorrhage Avas noted Avithin the A-Y node and 
common bundle of 3 hearts, in only the common bundle of 2 specimens, and 
Avithin the A-V node of another. 

In all 10 specimens, avc Avere able to trace the continuity of the specialized 
muscle fibers of the conduction system from the atrioA’entricular node to the 
common bundle A\dth its left and right bundle branches. As the common 
bundle (of His, or crus) Avas folloAved distal to the fibrous ring, it Avas located 
in the posterior margin of the interventricular septal defect in all but 3 speci¬ 
mens. The location and mode of branching of the common bundle is best pre¬ 
sented by a description of this structure in the individual specimens. 


Specimen 1. (No. A 14-55, wliite female, aged 2 days.) 

As shown in Pigs. 1 and 2 this specimen had a thin translucent interatrial septum aad 
patent foramen ovale, as veil as a high interventricular septal defect. The location and 
course of the common bundle and its branches were inserted on the photographs following 


■ a study of the serial sections. 

Note the position of the common bundle as it proceeded distallj' in the thin posterior 
margin of the defect to divide into left and right bundle branches at the top of the inter¬ 
ventricular septum (i.e., at the postero-inferior margin of the defect). At the point of origin 
of the 2 bundle branches, many fascicles of pale stained fibers could be traced from ‘ 
common bundle and its 2 branches into the more lieavily stained muscle fibers of the in er- 
ventricular septum (the paraspecific fibers of Mahaimir). 
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Tlie slender riglit bundle branch descended within the interventricular septum to 
gain a subendocardial position part waj' down the right side of the septum as shown in 
Fig. 1. The right bundle branch also had a small but discrete fascicle of specialized fibers 
that ascended anterior to the septal defect (Fig. 1). Smaller twigs from the ascending ramus 
became lost in the myocardium of the septum anterior to the defect. 

Specimen S. (No. A 5774, white female, age 2 niojiths.) 

This specimen with a high septal defect (Fig. 3) ^vas one of our most interesting eases, 
for the sireeialized elements of the conduction system were extremely well differentiated. 
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Pig. 3.—Interior view of right atrium and right venti'icle of Specimen 2. The dotted 
rectangular area represents the region from which a wax model was reconstructed to demon¬ 
strate the location of the common bundle and its left and right branches. Compare witn 
Fig. 7, A. 

The microscopic appearance and relations of the common bundle are shown above the 
fibrous ring in Fig. 4, and as the bundle passed through this connective tissue layer at the 
atrioventricular junction in Fig. 5. The common bundle is identified below the fibrous ring 
as it lies in the free posterior margin of the interventricular septal defect (Fig. 5). 
Distally, the common bundle divided on the postero-inferior margin of the defect (Fig. 6) 
into a broad flat left bundle branch and a smaller right bundle branch. The relations of the 
microscopic right and left bundle branches to the defect (Fig. 6) are easily seen by com¬ 
paring the microphotographs with the same structures in Fig. 7. 

In view' of the well-stained specialized muscle libers, it was deemed desirable to 
demonstrate the crucial three dimensional relations of the conduction system in this 
specimen by means of a wax model reconstruction. Serial sections were projected and traced 
from the region of the atrioventricular node above, to the formation of the 2 bundle branches 
below'. The region of the heart thus reconstructed by means of superimposed w'ax plates is 
indicated by the dotted rectangular area shmvn in Fig. 3. 
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The close iJio.xnuitj o± the common bundle to the pobteio inleuoi margin ot the 
septal detect is ell show n bj this i econsli notion (Pig. 7, A and B). 

In Pig. 7, B the ongiu and iiutiiil couise ot the left bundle bianch can bo obseived as 
it passed distall}' uudei the septal endocaidium ot the loit veiitiicle. Just below its oiigin, 
the left bundle biaucli dnided into a laigc antciioi dnision and a smaUei postenoi diu&ion 
IVheii the light loatiiculai suitace is viewed (Fig. 7, A), the smallei light bundle branch 
can be obsened as it couises antonoily below the lowei maigin of the defect. 

The dotted line in Fig. 7 iiidicatcb the location ot the libious atiioientnculai ring 
(annulus fibiosus). As illiistiated in this model not all ot the pale stained muscle fibeis 
ot the common bundle passed through the fibious ling. A laige mass ot residual tissue le 
mained on the right atiial side ot the libious iing and foinied the fingerlike iidge of tissue 
identified as an abenaiit biaiieh ot conduction tissue in Fig. 7, A. Fioni this abeirant 


A-V Node 



Fig 7—Draiving of a wax model i econstructed from the dotted area indicated 
3. The lelations of the conduction tissue elements to the I-V defect aie shown as \im\ea 
from the right ventricle in A, as viewed fiom the left ventricle in B Note the position ul 
the common bundle and Its 2 branches to the postei o-inferioi maigin of the detect ^ 
large mass of pale stained fibers remained in the right atrium aftei tlie common bundle m 
passed through the fibrous nng (dotted line) Two small fascicles of Abeis extended iiom 
this aberrant conduction tissue (Fig 7, A) through the fihious ring, and into tlie myocaraiui 
of the inteiventricular septum (le, bundles of Kent). 


ridge we were able to follow 2 sleiidei twigs of pale stained fibeis acioss the fibious nng and 
into the posteiior part of the interventiicular septum Distally, the remaindei of this 
abeiraiit tissue broke up into smaller fascicles, and tliej in tuin weie lost within the 
connective tissue of the fibrous ring. 

Not shown in Pig. 7 was a largei mass of such residual tissue that lemained proximal to 
the fibrous nng nearer the atiioventncular node. This “left ovei” bundle tissue ciossed the 
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TTg. 8.—Drawing of the interior of the riglit atrium and ventricle of Specimen 3. The 
relations of the common bundle and its branches to the defect are indicated. Note the long 
slender aberrant fascicle of the right bundle branch (RBB) as it passed above and then 
descended anterior to the defect. 
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Fjp 9_Drawing of the interior of the left ventricle of Specimen 3. The thin left bundle 

■ branch was extremely small in this heart (see te.xt). 
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The left bundle branch descended posterior to the defect under the endocardium on 
the left side of the heart. It was located in the position normally occupied bj* the com¬ 
mon bundle. Several rami were ob'^erxed to lea\e the left bundle branch and enter the 
myocardium of the interventricular septum in the region of the defect. 

The aberrant right bundle branch crossed the librous ring as 2 separate fascicles 
which entered the top of the septal mjocardiura. These 2 bundles never came to lie in the 
endocardium on the right side of the heart, but descended within the superficial part of the 
"ioptal mjocardium and were soon lost as discrete bundles. Although several pale stained 
fiber bundles in this ‘‘peeimen -were traced into the fibrous ring, no accessory muscle bands 
were seen to cro'^s the ring to connect the atrium above with the septum below. 



12 —Mtcropliotograph of a coronal section through the interventricular septum 
posterior to the 2 I-V defects of specimen 7 The common bundle dhlded under the endo¬ 
cardium on the right side of the septum. The left bundle branch (.LtJB) is shoi%n as It 
coursed through the myocardium of the I-V septum to reach the endocardium on the left 
side of the heart (Hematox>lm and eosm technique; X-tO; reduced ) 


Spechnen 9. (No. A 54-51, white male, age 3 years.) 

As illustrated in Figs. 13 and 14 this heart had a large high I V defect, transposition 
of the great vessels, a dilated aorta that o\errode the defect, ami a stenosed pulmonar\ 
artery. 

The common bundle again passed posterior to the defect, and after crossing the 
fibrous ring came to lie under the endocardium on the left side of the «eptum (Figs. 13 and 
14). At tho postero inferior margins of the I-V defect the hemorrhagic common bundle 
divided (r in Fig. 14). As the left bundle braiicli continued distally, the right bundle branch 
coursed through the septal mjocardium to gam tlio endocardium on tho right side (Fig. 13). 
We again observed a strand of fibers leaving the common bundle as it dnided. These fibers 
plunged immediately into the mjocardium of the T-V septum posterior to the defect (arrow 
in Fig. 24). 
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The common bundle of conduction tissue in this specimen had a distribution quite 
similar to that shown in Pigs. 1 and 2. It descended posterior to the septal defect, and 
divided into its 2 branches at the postero-inferior margin of the defect. The left bundle 
branch immediately assumed a flat, ribbon shape and gave off several rami to the upper 
portion of the septal myocardium as it descended in the endocardium on the left side of 
the heart. The small round right bundle branch was uithin the cardiac muscle as it descended 
on the right side of the sop)tum (i.e., deep to the endocardium). 

Although the distribution of the conduction tissue in this case was similar to that shown 
bi Specimen 1, the present case had no rami that ascended anterior to the defect. However, 
as the common bundle divided into its 2 bundle branches, we could again trace several small 
fascicles from tlie lower end of the common bundle direct!}' into the top of the inter¬ 
ventricular septum. 

Specimen 6. (Ho. A 6253, white male, age 6 months.) 

This specimen had a large more infcriorly placed septal defect, transposition of the 
great vessels, and a patent foramen ovale. 

There was a very small common bundle in this specimen. It was located under the 
endocardium on the left side of the septum. It descended and also divided into its terminal 
branches in the connective tissue above the septal defect. Both the left and right bundle 
branches were small, and both descended anterior to the septal defect near the junction of 
the anterior walls of the left and right ventricles. This is the only specimen studied 
microscopically in which both bundle branches descended anterior to a septal defect. An 
accessory bundle of Kent was also present in this specimen. 

"We observed numerous fascicles of large pale muscle libers surrounding the transposed 
pulmonary artery. These fibers were similar to those found in the small common bundle. 
From this periarterial position we were able to follow this mass of pale fibers downward 
behind the defect into the endocardium of both the right and left sides of the inter¬ 
ventricular septum. Below the I-V defect these libers jobied, and were incorporated with, 
the fibers of the left and right bundle branches. Wq were not able to establish histologic 
continuity proximally between the atrioventricular node and the mass of fibers observed 
around the transposed pulmonary artery. This was most unfortunate for we believe these 
periarterial pulmonary fibers were also a part of tlic conduction system and probably ac¬ 
count for the small number of pale specialized libers observed in the common bundle and 
the left and right bundle branches. 

Specimen 7. (Ko. A 6236, Negro male, age 7 months.) 

In addition to 2 I-V septal defects this specimen also demonstrated transposition of the 
great vessels, a patent foramen ovale, patent ductus arteriosus, and one large coronary 
artery that gave origin to the left and right coronary arteries. 

The common bundle crossed the fibrous ring and descended posterior to both septal 
defects. As the common bundle descended it was located under the endocardium on the 
right side of the septum and it divided into its 2 bundle branches while in this position. At 
its origin from the common bundle, near the lower posterior margin of tlie defect, the left 
bundle branch then coursed through the upper myocardium to reach the left side of the 
septum, as shown in Fig. 12. The left bundle became a flat band of fibers as it descended 
and provided several rami that penetrated the musculature of the septum. 

The smaller right bundle also gave origin to several early branches to the right side 
of the septum as it passed under the lower margin of the most posterior defect. A few 
small branches were seen to arise from the common bundle below' the fibrous ring, prior 
to the origin of its 2 bundle branches. No accessory pathways were observed to connect 
the common bundle above the fibrous ring, with the interventricular septum below'. 

Specimen S. (No. A 5166, white male, age 7 months.) 

Tills heart demonstrated a small anteriorly placed I-V defect, transposition of the grea 
vessels, and a patent foramen ovale. The common bundle divided into left and right bund e 
branches immediately above the fibrous ring in this heart. 
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Fiff, 13.—Interior of right atrium and ventricle of Specimen 9. The common bundle 
divided in the endocardium on the left side of the heart. Note the intramyocardial course 
of the right bundle branch (dotted) as it descended posterior to the defect 

Fig. 14.—Interior of left atrium and ventricle of Specimen 9. Note course of the coni- 
mon bundle as it passed deep to tlie cut edge of the mitral valve. The A marks the point 
of division of the common bundle into its 2 branches. The arrow indicates the origm ann 
course of a fascicle of conduction fibers from the common bundle to the top of the inter¬ 
ventricular septum (Mahaim’s fibers). 
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Ihe left bundle brancli (LBB in Fife, kjj .,h ovoid funiculus at its oiifcin, but 
iaj)idl_\ broadened into a flat bundle that .spiead out suiierflcial to the niyocardiuni of the 
septum. Many smallei fascicles of conduction fibers could be obseived tlirougli the endo 
caulium as the\ couisi'd distally fiom the patent left bundle bianch. 

Sincimni 1 , 1 . (No. .V d4 222, Xegio female, age 3 niontlis.) 

This specimen was es-'Cntially a heait with a common atrioventricular canal. In addi¬ 
tion to an alriotentiiculai defect that measuied 12 by 9 mm., there was a patent ductus 
arteriosus. 


Pul. a. 



num 




’■ J . 




Cardiac mb^ic 
of sePtUfT!- 

^ k'' 

Cut edge 'tT Wy 
endocardit;.-’’ 'V, 




:/ 


* r i 


Anterior 


Posterior 


Pig. 15—Interior of the left atiium and \entiicle of Specimen 12. The I-V defect and 
topographic landmarks ai e identified 

Fig IG—Enlarged dissected aiea of left ventricle fiom the same .specimen sliown in Fig 
15. A’ote the gross coui.se and position of the exiiosed left bundle bi.tnch (LBB) to the 
higli I-V defect. 

The atiioveutiicuiai node was a disciete o\oid nia-'S. The common bundle passed 
through a tough mass of connective tissue as it couiscd aiiteiiorly to leach the postenoi 
margin of the defect. Within this thick fibious niaigin it gave origin to its blanches. 

The thill right bundle divided piomptly into 2 smallei lanii that descended on tlie 
light side of the .septum. A small anteiior lamus coiii'-ed anteiioily below the defect to 
attain the base of the papillaiy muscle of the coiiir-, whereas a laigei laniiis descended 
nioie posterioily on the septum. The thick left bundle bianch plunged immediately into 
the myocardium at the top of the septum, and onli a few fiscicles could he identified 
in the endocardium on the left side of the septum. 

Specimen Id. (No. A 9-33, white male, age d months.) 

This was the only specimen that had a high septal defect located far posterioily. The 
defect was only 2 mm. in diameter. This specimen also demonstrated a patent foramen 

atrioventiicular node and common bundle were disciete structiiies and nonnaliy 
located within the right atrium. After passing thiough the fibious ring, the common bund e 
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studied microscopically. It occupied a similar position in 4 of 5 hearts pre¬ 
pared under a dissecting microscope. This intracardiac relationship corrob¬ 
orated a preliminary demonstration,^" and veidfies the “presumed location of 
the conduction system’’ as illustrated by Kirklin and his co-workers." Al¬ 
though all of the conduction tissue descended anterior to the defect in Speci¬ 
men 6, and only a portion of it in Specimen 3, it should be recalled that 
additional fibers of the conduction system were ])resent in both cases. In the 
former, we observed numerous aberrant fibers about the transposed pulmonary 
arteiy, while in Specimen 3 (see ]'bg.s. 8 and 9) the main portion of the com¬ 
mon bundle and both bundle bi-anches were posterior to the defect. 

Thus, it would appear that these anteriorly ijlaeed conduction fibci's 
would have been injured by ligatures, if a surgical atteni])! had been made to 
close the defects in these specimens by reported techniques.'’’ ® However, it 
is doubtful that such damage would have c.iused a complete heai-t block in 
either ease, in view of the more po.steriorly placed branches of the conduction 
sj'-stem. 

It is worthy of special emphasis that Kirklin" has called attention to the 
pi-esumed location of the conduction system in the inferior angle of the defect. 
He also noted that by protecting this area during I’ceent surgical closure of 
septal defects in 25 patients, they had cneountoi’ed no heart block. However, 
in an earlier sei-ies, 3 eases of heart block had I’osulted in 10 or 11 patients be¬ 
fore they took the jn’oeaTition of protecting the posterior iind inferior margins 
of such septal defects. We believe the reason foi’ the absence of heart block 
in Kirklin’s revised surgical approach is exiilained by the anatomic finding.s 
re])orted in the present communication. 

As one grossly examines such seiAal defects on the loft side of the septum, 
as though looking at the face of a clock, the conduction tissue would ai)])ear 
to be most vulnerable to injury by ligature between 1 ajid 6 o’clock. When 
viewed through the right venti’icle, this .specialized muscle ti.ssue would be most 
vulnerable to injury by ligature between 6 and 11 o’clock. To the best of the 
authoi’s’ knowledge no one knows just how much of the ventricular conduction 
system must remain intact to prevent complete heart block. One finds con¬ 
siderable speculation on this point, and the final answer must take into con¬ 
sideration the early j-ami that ])a.s.s directly into the myocardium of the inter- 
venti’icular septum from the common bundle, ])i’ioi’ to its division into left and 
right bundle branches. Such early branches fi’om the common bundle aftei' 
it passed through the fibrous ring were noted by Mahaim,^" and called “jmi'a- 
si)eeific conduction filjers.” In the pre.sent study, such fibers were ti-aecd fi'om 
the common bundle into the very top of the I-V septum in 7 of the 10 spcciincns 
(e.g., arrow in Fig. 14). In addition, small fascicles wci’e seen to leave the left 
bundle branch near its oi-igin and enter the .septum in 4 specimens. 

We were surpri.sed also to find aeee.sso7’y muscular pathways (bundles of 
Kent^H connecting the common bundle above the fibi’ous I’ing with the septal 
myocardiuni below the fibrous ring (Specimens 2, 3, 4, and 6). Tiicse aberrant 
bundles are in addition to the common bundle (of His). They were also 
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SUMMARY 

The position, course, and variations of the cardiac conduction .S 3 ’^steiii were 
studied in 15 human hearts with high interventricular septal defects. Ten 
specimens -were studied b.y serial microscopic sections while the conduction 
elements Avere demonstrated grosstj" iji 5 hearts Avith the aid of a dissecting 
microscope. 

In 12 specimens the common bundle as Avell as the left and right bundle 
branches Averc located in the postero-inferior margin of the septal defect. 
These important relations of the conduction system are illustrated bj^ means 
of photographs, draAvings, and a Avax model reconstruction. It is essential 
that the posterior margin of such high se])tal defects be protected from 
sutures and sti’ong traction during surgical closure if complete or partial 
bundle bi-aneh blocks are to be avoided. 

The common hu 2 jdle divided into its 2 hu 22 dle hj-iwchcs above the Rhivu.'i 
ring in 1 specimen, and immediately above the septal defect in another (Speci¬ 
mens 8 and 6). The left and right bundle branches descended anterior to the 
defect in onl.v 2 hearts (S])ecimen.s 6 and 14). 

Aceessoiy atrioventricular ])athAvaj\s of conduction tissue (bundles of 
Kent'®) Avere demonstrated in 4 hearts. High branches from the common 
bundle (ifahaim’s fibers'") into the top of the T-V septum Avere also noted in 
7 of 10 specimens studied mici'oseopieall 3 \ The chief variations of the cardiac 
conduction tissue are presented as Avell as their jjhysiologic and surgical signif¬ 
icance. 

Hemorrhage Anthin the conduction tissue was observed in the mieroseopie 
sections of 6 hearts. Numerous, thin-Avalled, venous channels are knoAvn to 
traverse the conduction tissue en route to the coronary sinus and right atrium. 
Rupture of these endothelial channels during agonal spasm maj^ account for 
the post-mortem hemorrhage and clinical absence of ante-mortem arrhythmia. 

The authors express their sincere thanks to Drs. James B. Are}', Joseph E. Iinbriglia, 
and AVilliam H. Miller for providing .some of the specimens included in this study. AV^e are 
indebted to Miss Marjorie Stodgell and Mr. Louis Sunny for the excellent medical art and 
photography used as illustrations in this cominunication. AYc are pleased to acknowledge 
the technical assistance of ^Atartha Q. Smythe, Edna AteCrane, Dr. Jean MacCreight, Irene 
Gamernian, and Anita AATlder. 
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VENA CAVA—PULiMONARY ARTERY ANASTOMOSIS FOR 
VASCULARIZATION OP THE LUNO 

Francis Robicsek, M.O., Robkuto jMagistko, M.D., Eoidio Foti, M.I)., 
Livia Robicsek, M.D., and Paul W. Sanceu, ]M.D. 
Charlotte, N. C. 


O NE of tlie most difficult and most interesting problem in modern cardiology 
is the surgical treatment of complex cardiac malformations in the ‘‘im¬ 
paired pulmonaiy circulation” group. A survey relevant to this problem shows 
that despite the remarkable results obtained there is still much to be desired. 
The surgical management for certain patliologic cardiac conditions, such as the 
noncomplicated pulmonary stenosis, has been .solved theoretically and technically. 
The direct vision repair of tetralogy of Fallot under certain conditions has be¬ 
come a reality. On the other hand, conditions, such as tricuspid atresia, still 
await effective therapy, and the same applies to certain tj^ics of tetralogy of 
Fallot when the stenosis involves the entire length of the right ventricular out¬ 
flow tract or when the inilmonary arter.v is exce.ssively hypoplastic or atretic. 

The Blalock’ operation, or its modification developed by Potts, Smitli and 
(libson,- restores function satisfactorily in numerous cases, but has the following 
disadvantages. 

1. The ‘‘patent ductus” created artificially increases greatly the left ven¬ 
tricular output and places considerable strain on the heart. 

2. In the presence of high-grade pulmonary stenosis and relatively slight 
aortic dextroposition with small interventricular septal defect, the stress upon 
the right ventricle is great because the right ventidcle has to force blood through 
very small apertures in tlie direction of botli great vessels. A subelavian-pul- 
monaiy or aorta-pulmonary anastomosis may result in an increase of pulmonary 
arterial pressure, which in turn makes it even more difficult for the right ven¬ 
tricle to express the blood through the narrowed pulmonary orifice. Thus, right 
ventricular failure may develop. 

3. The blood supplied to the lungs by way^ of the anastomosis is mixed 
arterial and not venous; therefore, the efficiency of the anastomosis is reduced. 

4. There is a tendency to endarteritis. 

5. The technique is exceptionally complicated especially with children. 

The above considerations caused us to look for a surgical method^ which 
would eliminate the disadvantages outlined. 


This work was done in the Heineman Foundation Laboratory and the 
Tlioracic Surgery of Charlotte Memorial Hospital and was supported by the United Meaieu 
Research Foundation of North Carolina. 

Read at the First Annual Symposium of Cardiovascular Diseases in North uaroim.. 
Charlotte, N. C., April 25, 1957. 

Received for publication June 11, 1957. 
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into the right puiinonaiy artery via tlie anastomosed superior veiia cava. An¬ 
other catheter Avas passed tlirough tlie femoral vein into tlie inferior vena cava 
and then througii tlie right heart into the left pulmonary artery (Fig. 3). 
Samples of blood taken from the catheters and by direct arterial puncture wore 
analyzed for oxygen content by photometry. Detailed records Avere made of 
blood pressure. 

The blood floAv through tlie right and left lungs, respectively, Avas calcu¬ 
lated on the basis of the Fick principle, according to the folloAving equations. 
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Pulmonary vascular resi.stances iii the right and left lungs Avere calculated 
according to the folloAving eciuatioms. 
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Asdiere 


Frj = right lung blood flow in ml./inin. 

F,i = left lung blood flow in inl./min. 

Or = oxygen uptake of tlie right lung in inl./iuin. 

0) = oxygen uptake of the left lung in nil./min. 

C„rt = blood oxygen content in the systemic arteries in a'oI. %. 

Crpa = blood oxygen content in the right pulmonary artery in vol. %. 

Cipa = blood oxygen content in the left pulmonary artery in vol. %. 

MPrp, = mean blood pressure in the right pulmonary artery in mm. Hg. 

MP,p., = mean blood pressure in the left pulmonary artery in mm. Hg. 

MPc«p = pulmonary ‘ ‘ capillary ’ ’ mean blood pressure in mm. Hg. 

P’lrEr = "pulmonary vascular” circulatory resistance in the right lung in dyn. sec. cm.-^. 

PVE, = “pulmonary Avascular” circulatory resistance in the left lung in dyn. sec. cm.-®. 

1.332 = conA-ersiou factor. 

Angiocardiographic examinations Avere carried out by means of an intravas¬ 
cular catheter introduced into the superior A^ena cava. Thirty milliliters of a 'iO 
per cent preparation of Joduron Avere injected through the catheter into the 
superior vena cava, and the passage of tlie contrast medium AA'as folloAved by 
serial roentgenog■raph 3 ^ 

Finally, the circulatory effect of (a) obstruction of the left main bronchus, 
and (b) obstruction of the left pulmonary blood floAv Avere studied. 

The purpose of these experiments Avas to control the function of the right 
lung anastomosed AAuth the superior A'-ena cava in the absence of the function of 
the normal (left) lung. These experiments Avere performed Avith the aid of 
double lumen catheters provided Avith inflatable cuffs introduced into the left 
main bronchus (series No. 1) and into the inferior vena cava above the level of 
the diaphragm (series No. 2). 
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iioi’iiial. Half of tin's group wi.s saerificed C iiioiitlis after oporatioii, the others 
were alloAvcd to survive lor furtlier observation and e.'cainination. 

At iiccrop.sy, the veins of the superior caval system were (luestionabiy 
larger. This was the only sign suggesting venous congestion. The vessels at 
the anastomotic site were patent and the suture line was completely covered by 
endothelium. There were no pathologic changes in the lungs histologically. 

Bronchospii'ometry and hemodynamic .studies were performed on 10 dogs. 
Relevant data on the respiratory function and the results of hemodynamic tests 
are summarized in Table I and Figs. 4,5, G, and 7. 
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resultjs 

End-to-end anastomoses between the superior vena eava and right pulinouary 
artery were performed in 30 dogs. Six dogs were lost in consequence of the 
operation. One died of empyema, one of heart fibrillation, 2 from obliteration 
of the anastomosis. 

TAventy-two of the 24 survivors had patent anastomoses 3 months to 2 years 
after operation. One to 2 weeks after operation tiie behavior of the animals Avas 


BLOOD FLOW OXYGEN UPTAKE 



Pifr. -l.—Pulmonary blood flow and oxygen uptake postoperatively of the right and left lungs. 



0 LEFF LUNG 
I RIGHT LUNG 


pig^. 5._Pulmonary “vascular” circulatory resistance after operation. 
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Angiocardiograpliie examinations Aveie performed on G animals. Serial 
roentgenography clearly showed the conti-ast material introduced into the 
superior vena cava filling the right pulmonary artery with its tributaries imme¬ 
diately (Fig. 8). The photograph taken one second later reveals normal paren¬ 
chymal filling of the right lung. Two seconds later no contrast medium was 
detectable in the superior vena cava; the left heart and the aorta showed inten¬ 
sive concentration of the dye 



j-jg. S.—^Postoperatn e angiocardiogi aphy. 
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In the gTOiip of obstructed left puhnonaiy blood flow, the only significant 
alteration was the decrease of the sj^steinie arterial blood pressure. Oxygen 
desaturation of the systemic arterial blood did not develop. 


Tabi-e t 



1 BBOOw ritrsswms im. jig 



rUEMONAUy ABTEllY 

NO. 

vi;n'a cava sri'EUiou 

niouT 1 JjKft 


1 

T/2 

(5)' 

7/2 

(5) 

30/7 

(15) 

o 

0/7 

(S) 

9/7 

(8; 

28/8 

(18) 

3 

JO/3 

(7) 

fi/3 

(0) 

32/16 

(20) 

4 

8/G 

(7) 

8/(5 

(7) 

20/4 

( 8) 

5 

(5/1 

(-1) 

0/1 

(-1) 

24/10 

fJ4) 

(j 

7/5 

(«) 

7/5 

(0) 

25/0 

(16) 

7 

7/4 

(0) 

7/4 

(6) 

35/7 

(15) 

8 

0/2 

(5) 

6/2 

(5) 

25/10 

(14) 

.0 

7/2 

(5) 

6/2 

(4) 

20/12 

(10) 

10 

0/3 

(5) 

6/3 

(5) 

26/16 

(18) 


‘Mean pressure. 


I)I.SCU.SSIOX 

In evaluating the results of our investigations and the efficiency of the 
method, the following points were considered. 

A. What are the technical difficidties of the meihodf: Experience has 
shown that the operation does not involve any major difficulties lechnically. In 
the Blalock and Potts opei-ations, the anastomoses arc usually under tension. In 
the operation under discussion, the stumps of the two vessels are brought together 
with ease. This method can be carried out by any surgeon ])racticed in suturing 
blood vessels. 

B. ^Vhat arc the effects upon the pressure retations of the stqjerior caval 
system?: Although average blood pre.ssurc in the superior vena cava was a few 
mm. Ilg higher than normal, this increase of pressure was not significant and 
caused no untoward symptoms. Two of the eaily expei'imental animals died 
in the first postoperative weeks as a consequence of the thrombosis at the anas¬ 
tomotic site. Excessive venous congestion and edema of the upper part of the 
body developed in these 2 dogs. 

C. Can the systemic venous pressure provide adequate blood flow through 
the lung?: The above hemodynamic problem is one that ultimately decide.s 
Avhether or not the operation is pi-acticable. It is known that the blood pre.ssurc 
is relatively low in the pulmonai'y cii-eulation even in normal conditions and 
the jn-essure differtuice between the pulmonary artery and vein is no higher 
that 5 to 10 ram. llgA’ “ 

In conditions associated with pulmonary stenosis, the mean pulmonary 
arterial pressure is even lower (4 to 8 mm. Ilg) and in spite of the small pre.s- 
sure difference between pulmonary artery and vein, the blood flow in cases^oi 
noncomplicated pulmonary steno.sis does not decrease below normal values (I 
11). The cause of this inay be the high adaptability of the ve.ssels of the lungs.'’ 
In support of this view, our experiments showed that pulmonary vascular 
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L. WJiat is the effect of this method on the burden of the ric/lit ventricle?: 
In congenital malformations associated with imlmonary stenosis, the narrowing 
of the pulmonary orifice places a great extra burden on the right ventricle. The 
work of the right ventricle can be expressed by the following equation: 


wheie (tV) is tlio work of the ventricle, (Q) repiesents tlie .systolic disclnirge, (H) the mcioi 
pressure or resistance, (m) the mass of the ejected blood, and (v) the average velocity.n Be¬ 
cause of the rehath’e quantity, the is negligible. 

The anastomosis created by the Blalock or Potts operations does not diiniui.sli 
the burden of the right ventricle. Contrarily in some case.s, there is an elevation 
of the factor (R) pressure in the pulmotiaiy artery. This increases the burden 
upon the right ventricular myocardium. The method Iteing reported has no such 
effect. There is no elevation in the factor (R), but thei'c is a great diminution of 
the systolic discharge (Q) of the right ventricle because the blood of the upper 
part of the body is shunted directly into the right lung. 

F. Is the method adaptable to the hitman beinej?: At first glance, the 
operation described appears to be too hazardous to be recommended for use in 
human subjects. Nevertheless, it should be mentioned in connection with this 
problem that several oiierations now in use for tlie surgical treatment of con¬ 
genital heart disease appeared to be fairly risky and com])licated at first. Ob¬ 
servations and experience in thoracic .surgery show that the temporary clamping 
of one of the maiif branches of the pulmonary artery or the superior caval vein 
has no grave conseciuenees even for tlie iiatient who is in poor condition.*-' *■' 

SUMllAKY 

The authors developed experimentally a new method for the relief of certain 
congenital heart diseases associated with impaired pulmonary circulation. The 
essence of the procedure was as follows: the superior vena cava was trausseetecl 
before entering the right atrium; the right pulmonary artery was severed at 
its origin with the main pulmonary trunk; the peripheral stumps of the two 
vessels were anastomosed by an end-to-end method. The right lung was thus 
supplied with blood directly from the superior vena cava. In this manner about 
half of the sytemic venous blood flow bypassed the right heart. 

Animal experiments have shown that pulmonary blood flow and oxygen up¬ 
take are nearly equal on both sides. There is no significant increase in blood 
pressure in the area of the superior vena cava. The method as illustrated has 
advantages over other anastomotic operations in the following respects: (t) 
the operation places no extra burden on the heart; (2) blood pressure in tlie mam 
trunk of the pulmonary artery is not increased; (3) this anastomosis supplies 
“pure” venous blood to the lung; (4) endarteritis is le.ss likely to occur; and 
(5) technically the operation, even on small subjects, is not difficult. 

Detailed physiologic changes, hemodynamics, and angiocardiography studies 
are reported. 



Volume 35 ANGIOCARmOGRAPIlY AS IDENTIFICATION AID 453 

Number I 

beciiuse of local uiircscctability or inctastascs. This procedure is neither in¬ 
nocuous nor inexpensive and may result in postoperative morbidity or mortality. 
E.xploration without resection produces needless discomfort. The patient de- 
tei'iorating with extensive cancer rarely returns to preoporative level when he 
survives. Churehill and his co-workers’ report a mortality rate of iO.6 per cent 
for exploratory thoracotomy in their series of cancer of the lung from 1033 to 
1950. This figure has dropped considerably of late and is probably less than 
2 per cent today. It has been with the hope of avoiding fruitless thoracotomies 
that this study has been undertaken. 

The investigation has been concerned rvith the value angioeardiographj' 
may have as an aid to the recognition of certain nonresectable lung carcinomas. 
It had seemed probable that in centrally located tumors, espeeiall.v, this pro¬ 
cedure would be most useful. Even in the peripherally placed ones it may 
occasionally offer informative data concerning resectability by disclosing changes 
in the media.stinum or hilar structures. It has been our primary aim to deter¬ 
mine the degree of accuracy of this prognostic measure. 

The findings in a group of 23 individuals, all of whom had been submitted 
to preoperative angiocardiography, were cheeked at surgical operation. One 
of us (E. 'W. AV.) was in attendance at 15 of the operations; detailed operative 
notes were available for review in all cases. 

METirOD USED IN ANGIOCARDIOGRAPHY 

Examinations were performed initially using the original method of Robb 
and Steinberg, namely a No. 12 cannula inserted into and tied in one of the 
deep arm veins through which was introduced a concentrated iodine compound. 
At first, 50 per cent Diodrast was used, but this has been replaced by 70 per 
cent Urokon, Serial films were made, originally by a homemade cassette-chang¬ 
ing device which permitted 20 exposures at rates up to 3 per second, in one 
projection. More recent I.v a biplane roll film changing device (Elema) lias 
been employed providing simultaneous anteroposterior and lateral recording at 
rates up to 12 frames per second in each projection. Most examinations had 
been done at the rate of 6 frames per second for 2 or 3 seconds followed by 
2 per second for an additional 5 or 6 seconds, and finally 1 per second for a 
total run of 15 to 20 seconds. The method of injection has also been changed, 
as experience dictated, using a No. 11 or 12 Lehman catheter introduced via 
the deep veins of the arm on the affected side into the corresponding innominate 
vein, and the compound injected by means of a central-bore Robb hand-operated 
syringe. The method has been quite satisfactory, permitting the introduction 
of between 50 c.c., and at the mo.st 70 c.c., of 70 per cent Urokon in less than 
2 seconds. This part of the procedure has been performed by the surgeon with 
the radiologist determining the proper positioning of the patient in addition 
to other radiographic factors. General anesthesia has not been needed or used 
although an anesthesiologist has attended each examination. 

Twenty-four examinations were carried out in these 23 patients without 
serious incident. (Patients with evidence of cyanosis, recent myocardial in¬ 
farction, asthma or serious allergy have not been accepted for this examina¬ 
tion.) Two patients had febrile responses, one to 104° F., within 4 hours but 
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development of angiocardiography and its diagnostic potentialities 

I N THE IS YEARS since angiocardiography was first established as a clinical 
method 1)3' Robb and Steinberg,^ much valuable work has been done in the 
evaluation of cardiovascular abnormalities, lesions of the mediastinum, and 
various forms of pulmonary patholog.v. Carcinoma of the lung has been one 
of the most recent major subjects to be so investigated, and tlie present discus¬ 
sion will deal with the accuraej" of preoperative determination of its resectability. 

The diagnosis of pulmonarv carcinoma, and the role that angioeardiograpliy 
may pla.v in it wiU not be considered at tliis time. A number of writers^ have 
devoted much effort to such .studies and believe that angiocardiography plays 
a vital part in both the diagno.sis and determination of resectability. The 
studies carried out at the j\Iassaehusetls General Hospital on the other hand 
confirm the opinion of Dotter, Steinberg, and Holman® and Amundsen and 
Sorensen^ that, by angiocardiography, pulmonary carcinoma maj' be indistin¬ 
guishable from certain other conditions and that its diagnosis must be established 
otherwise. 


prediction of resectability of lung C.VRCINOilA 

Certain clinical signs suggest that total resection may not be possible. 
These include phrenic or i-ecurrent nerve paralysis, Horner’s syndrome, e}i:o- 
logically positive pleural effusion, and distant metastases. Evidence of hilar 
or mediastinal extension, however, maj’' not be apparent bj’^ conventional examina¬ 
tion, either clinical or I'oentgenologic. Complete extiriiation of carcinoma of 
the huig is impossible when it or its local metastases lie in intimate contact 
with vital intrathoraeic structures which cannot be sacrificed. Principally 
these structures are the heart and great vessels. Involvement of the main right 
and left branches of the pulmonaiy arteiy, too close to the main trunk to per¬ 
mit resection, precludes removal of the tumor. Tumor invasion of the pul- 
monaiy Amins close to the left atrium, or iiiAmlvement bj'^ cancer of the superior 
vena cava prevents removal unless elaborate substitution of vessels is per¬ 
formed. Tumor lying in apposition Avith the aorta or great arteries to the head 
and arms maj' be resectable unless there be true invasion of these structures. 

It is Avell knoAvn that most individuals Avith primary' carcinoma of the luug' 
are incurable Avhen first seen. Tlie figure varies with different authors but 
may run as high as 75 per cent. By presentl^’^ accepted procedure, all pa¬ 
tients are subjected to exploratory thoracotomj’ unless very obviousl.A- incurable 
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even at a point quite close to tlic main pH!nionai.r trunk, c.uries a mncli less 
ominous interpretation, Ijeeause the tumor or a large l.vmph node may meiely 
bo resting against tlie artery and not actually invading it 

2. Ocelu.sion or severe narrowing ot the branches of the right pulmonary 
artery to the upper or lower lobes within 1 cm. distal to the bifurcation of the 
right pulmonary artery (Pig, 1). This point lies slightly more distal than con¬ 
sidered the point of inoperability by Dotter and Steinberg It lies lust outside 
the pericardium. Occasionally it has been possible to ligate the right pulmonary 
artery more pioximally by opening the pericardium. 



Fig-. 2.—Lateral view of superior vena cava and pulmonary artery, showing anterior displace¬ 
ment of the %ena ca^a pioduced by lymph nodes Sn\aded by tumor. Note nodularity. 

3. Partial or complete obstruction of the innominate veins or tbe superior 
vena oava. It is quite possible to resect siteh structuies, replacing them with 
venous grafts, but to date this has not been found advisable. 

In addition to the overt degrees of involvement described above, very minor 
deformities indicative of pressure have proved significant. A tumor wliicli 
presses on tlie superior vena car a or innominate vein may invade its wall and 
preclude resection, in contrast with a deformity of similar magnitude on an 
artery. This is paitieularly true if the indentation ot the rein be nodular in 
character (Fig. 2), or if the vein be separated from normally adjacent truc- 
tures (Pig. 3). It is rocogni/ed that interpreting pressure c 
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ill eacli instance noi-mal temperatuve was present by the following inoi;ning. 
In another 2, urticaria appeared within an hour; in each the hives rapidly 
disappeared following the administration of oral Pyribenzamine. One patient 
noted generalized malaise for approximately 48 hours. There were no known 
late seciuelae. In particular there was no indication of significant thrombo¬ 
phlebitis. 

During the examination, patients experience a sense of warmth from head 
to toes. They become flushed and occasionally restle.ss. There is a strong urge 
to cough. AVithin a few minutes they feel quite normal. 



Fife'. 1.—Tapfied narrowing- of tlie buperior branch of the rife'ht pulmonary arteiy difetal to 

it.-, origin (ariow). 

KE.SUL.TS 01^ STUDY 

The following angiocardiographic evidence has been found of value in 
predicting unresectability. 

1. Ocelu.sion or a severe degree of narrowing of the left pulmonary artery 
Avithin 1.5 cm. of its origin from the undivided pulmonary arteiy. Such in¬ 
volvement precludes separation of the bi-anch vessel from the trunk. This 
corresponds with the experience of Dotter and Steinberg. Complete occlusion 
of the vessel usually is shown ly a tapering or pointed ending seen best in 
the lateral projection. Certainlj’- the length of the artery proximal to its point 
of involvement can be measured best in this projection or in the left anterior 
oblique position. Complete obstruction may be. the re.sult of other conditions 
and it is recognized that the finding is not direct evidence but, coexistent ivith 
pulmonary cancer, such findings are strong circumstantial evidence of malignant 
invasion. Narroiving of the arteiy in a concentric fa.shion also suggests, al¬ 
though less strongly, unrcsectability. Pressure upon one side of the artery, 
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caused 1)\ cancel is an assumption, but one wlueli is usiialh lustifiablc iii the 
piesence of knoun prmiaii caiciiioma ot the lung and iii the absence ot asso 
elated pulmonaii sepsis, uliieli might piodiiee mflammatoii enlargement of 
nodes 

4 Invohenient of the majoi pulinoiniv veins oi the left atiium h.otmalh 
the left atiinin is smooth and legnlar in outline but in 6 cases obseiied in this 
series an iiiegiilai filling detect, usualh measuiing 1 to 3 cm in diametci, 
nas visible in the lieait chambei In eieii instance this oecuiied on the same 
side as the piiinaii tumoi, most commonK at the siipeiioi angle noai the point 
of cntii of the siipeiioi lein (Fig 4), but in one case at the point of entii ot 
the inteiioi pulmonaiv teiii At times the lein adjacent to the iniohcd 
atiiiim lias also iniaded Caie must be eveieised m esaliiating impaiinient 
01 absence of Msualization of a maioi pulmonais vein alone when the cone 
spondiiig pulmoiiai'v aiteiv is seiionsh embaiiassed bv tumoi If the aitcn 
IS well outlined howevci, and the vein is pooilv filled with eontiast matciiil, 
involvement ot the vein is stiongly suggested, espcciallj it theie be an adjacent 
filling defect in the atiuim 

Peiieaidial invasion bv tumoi has been lecoided bv Dottei and Stemboig 
but was not seen m our series eveept as a finding coincident with atiiiil invasion 

In oui expeiieneo, pieopeiativc piediction of impossibilitv of icsection 
has been quite aceuiate Thirteen cases vvcie deemed uniesectable bv angio 
caidiogiaphj Tlleven of these wcic coiisideied unicsietable at thoiacotomv 
In two instances a piieumoiiectomv was pcifoimid These patients died of 
icsidiial caieinonia 6 and 7 months following pneuiiionectonvj 

In Case 12, the ktt iiitciioi pulmonaiv vein was seen peiiphcially but 
not pioMiiialh and theie was the suggestion of invasion of the left atiium at 
the entrance of tins vein The lemoved lung showed tumoi invasion of the 
iiifeiioi pulmonaij vein 

In Case 22 the angiocaidiogiam showed involvement of the left pulmonaiv 
aiteiv veij close to the main pulmonary tiiink Theie was piessiiie supciiorlj 
on this common trunk Failuic to demonstrate the left suporioi pulmoniiv 
vein was attiibiited to arterial obstinction The lung could be lesccted bv 
division of the left piilinonaiy aiterv flush wuth the common tiiiiik but tumoi 
extended within 1 cm of tins niaigin in the lesected specimen Tumoi giew 
along the pulmonaiv veins and invaded the left atinnii so that a small segment 
of atiium had to be icsected with the tumor 

It was not the primai-j aim of this study to piedict opciabilitv Indeed 
this phase of the piobleni was less succcsslullj met, but eiiois in this diicctioii 
aie consideied less seiious, since foi the patient’s sake it is much bettci to cir 
in this diieetioii thin in the opposite one Ten cases weie piedieted as opeiible 
bv angiocaidiogiaphy Seven wcie confiimcd at opeiition, 3 pioved to bo 
mopeiable 

Case 14 had a tumoi Ivmg in the postciioi thoiacic giittei iicai the descend 
mg aoita Angiocaidingr.aphv'piovcd the mass to be sepaiale fioni the aoit i but 
failed to levcal invohcnunt ot the aoila bv the tumoi Cxploiatoiv llioracotomv 
disclosed this invasion of the aoita as well as the chest wall bj the tumor 





A SOIPLIFIDD ’\rr:THOD rOR ACHIEVING INTBARESPIRATORY 
HUMIDiriCATION IN THE TRACHEOTOMIZED PATIENT 

II W Lueders, jM D , Au AN Str vhav, M D , R D Alley, JI D , 

H W Kvusel, JI D , and a S Peck, JI D , C AI 
Albvka, N Y 

I N THE CARE ot seveie icspiidtoij conditions tiaeheostonn is often le 
soitecl to foi laiying lengths of time in oidet to iminfam an unohstmeted 
and patent aiiwaa in the acutely ill patient Howeiei, the pioblein of intia 
bionehial ciusts aiises fuquentlv as a complication of tiacheostomy Tins 
pioblem his been especially common iii those patients with seieie iieuiological 
diseases sueh as poliomyelitis, head iiyniy, and in cnisli injniies of the chest 
The basic pioblem in the piovcntion of intiabioneliial crusts is the pieien 
tion of inspiration of seoietioiis by maintaining adequate tineheobionehial 
humidity* Vaiioiis methods of achieving this have been tiled One has been 
the diieot instillation of iiiigating fluids into the tiaehcotomy tube These 
fluids aie then eaiofullj aspiiated in the paialytie patient by means of semi 
steiilo technique with the lealizatioii that deep suctioning might easilj 
tiaiimatize the lespii itory tiee and cause additional miieous plug foimation 
The nonpaialjtie patient is encouiagcd to cough up the instilled fluids which 
aio then suctioned out of the tiacheotomv tube The most fieqlienth' used 
liquids have been deteigents such as Diiponol C,"" and Alevaiic.t oi isotonic 
saline The use of these iiiigations has lesulted in a distinct deciease in 
mucous plug foimation The iriigatioiis often float out the small mucous 
plugs befoie they become suffieiently ciilaiged to cause paitial oi complete 
obstiuction of the Icssei bionehial ladicals Othoi imestigatois have used 
belli teas, iniicolvtic enzvmes in a suitable vehicle and dings administoied 
sjstcmieally m oidei to thin seeietions 

Anothei method is to administci watci vapoi oi watei dioplots The 
w um steamci his piovided nioic piobleiiis than solutions since const iiit 
siipeivision is necessaiy to picvcnt bums to the tiiink, neek ind lespiiatoiy 
tree Moieovci, piopei hiimidifieatioii of the tiacheotomv is difficult The 
cold steamei and nebiili/ei have pioved to be moio eflicaeioiis, but icqiiire 
faiily elaboiate equipment foi attachment to the tiacheotomy tube The con¬ 
ventional bottle bubbler attached to most oxygen administiation units pio 
vidos little ineiease in tiaeheobroiichial Iiumiditv' Pieheating the watei and 
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Case 16 had a mass in the right upper lobe extending from the hilus to 
the chest wall. Angiocardiograph.y showed minimal pressure on the posteilor 
aspect of the superior vena cava below the azygos vein, but this pressure defect 
appeared to change and was not deemed .sufficiently conclusive to warrant a 
diagnosis of tumor involvement. The light pulmonaiy artery filled slowly 
and seemed .small but was witliout evidence of localized involvement. Thora¬ 
cotomy disclosed the tumor adjacent to but not invading the chest wall. Lymph 
nodes in the mediastinum and at the right hilus were involved by tumor and 
pushed the superior vena cava forward without obvious invasion of this ve.s,sel. 

Case 23 had a peripheral tumor in the left lung without evidence of metas¬ 
tasis fo hilar or mediastinal nodes by conventional roentgenography or angio- 
cardiogi'aphy. 3'horacotomy di.selosed many grossli^ positive but very soft 
lymph nodes lying in front of the aorta, behind the pulmonary artery and be¬ 
tween the latter and the left main bronchus. The adherence of these nodes to 
ve.ssels prevented pneumoneetomy. 

The number of cases is obviously too small to be of any .statistical impor¬ 
tance, but the types of vascular distortion me nevertheless intei’e.sting. AVe 
have been imjjre.ssed i)artieuiarly by the grave signiticance of even minor 
degrees of distortion of the superior vena cava. Ecjually striking has been the 
frequency of involvement of the left atrium, which occurred nearly as often 
as superior vena cava deformity. Th(«e changes, which have not been stre.sscd 
previou.siy, can be appreciated only if multiple films, of good quality, are ob¬ 
tained, thus permitting the observer to be certain of the constancy of findings, 
which may be ovei'looked oi' di.^regai'ded on a single film. 

si;.M.MAKy 

1. hlxperienee with in-eoinuative prediction of resectability of 23 cases of 
pi-imary carcinoma of the lung studied by angiocardiography at the Alassa- 
chusetts General Hospital is i)rc.sented. 

2. Thirteen eases were considered uni'c.sectable, and this was confii-med in 
eleven instances. 

3. In 30 case.s, no evidence w'as found which indicated involvement of heart 
and great ve.ssels, and 7 were so found at operation. 

4. Unnece.ssary thoracotomies may be avoided in cases demonstrated as 
unrescctable by this method. 
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local icqiuienieiits oC the lung A suiuUi diip diicotly into the tuielicotomy 
tiilic lias been lound to liaie the sime beneficial effect ol thmiiiiin the seeie 
tioiis cM'ii ^\heii. the o\>gcii was not toneuiiciitiv giicii The isotonic siliiic 
bottle IS niaiked “I’or Tiacluotomv Tube Lise Onij ” as is tlio icgiilating clamp 
in oidei to aioid contusion with the intiaienons solution bottles in oulci to 
pieient accidental diowning ol the patient ® Second, the bottle is kept at the 
lei el ot the patient’s head in oidei to leduce hydiostatic piessine and to ine 
lent fiiitlier the possible oicili lapid administiation of the isotonic saline 
solution 

Results 01 ei the past 4 ycais liaic shown that mtiabioiitliial euists dofi 
nitoly haio been diminished Tin conseions patient with a cough icilex can 
laiso sputum with much less ditnculty, theichi docieasing the tndotiaehcal 
suction tnumatn'ation and ensuing compile itions ot intiabioneliial plugs, in 
kctions. Slid atelectasis 

suini in\ 

A simple tcehiiKpic is desenbed foi the maintenance of adeiiiiite tiaeheo 
bionchial humidity in tiachiotomi/ed iiaticnts This consists ot a slow diip 
ot isotonic saline thiough a ia gauge neidle into the lumen of in oxjgeii 
eathitci Adcqinte humidification is then obtaiiiid with the picieiition of 
intiabioneliial ciust foimation The leqniicd cquipmeiit is lendily obtain 
able 
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bubbling the oxygen through additional lengths of niultiholed tubing become 
useless unless the unit is attached Avithin a foot of the tracheotomy tube be¬ 
cause the change in teiiiperatui-e decreases the relative humidity, 

Liuig air contains about 6 per cent water va])or; inspired aii’ contains 
about 1 per cent water A'a])or and oxygen, less than 1 pej- cent Avater vajmr. 
To meet the above .standard of Avater vapor content, a simple device Avas de¬ 
sired that could be attached to all traeheotomized patients, Avhether in a 
respirator or sui-rounded by olhei- cumbersome equiinnent, Avithout fear of 
droAA'uing the patient and still i)roviding adequate humidification. 



Fig. 1.—A drawing wliich depicts tlie relative simplicity of tlie apparatus required to acliie\e 
an ade< 4 uate clogree of intrabronchlal huinidiflculion in tlje Iracheotonuzed patient. 


In experiments conducted by Baseh and eo-Avorkei-s'^ regarding the in¬ 
fluence of drugs and agents on tracheobronchial secretions, Avater vapor 
liquefied the secretions most efliciently. "We, therefore, selected isotonic saline 
as the most readily aA'ailable sterile solution Avhieh Avould satisfy the require¬ 
ments of humidification. 


The isotonic saline is administered by the usual intravenous tubing Avith a 
' No. 2o-gauge needle AA-hich is placed in the lumen of the oxygen-administra¬ 
tion tube about 6 inches from the tracheotomy tube. The isotonic saline flow 
is regulated Avdth a Hoffman clamp at 4 drops per minute. At an oxygen floAV 
rate of 7 L. per minute the o.xygen stream vajiorizes the saline and disperses 


the larger droplets into the trachea. The.se droplets migrate into the re.spira- 
tory tree and A'aporize according to the temperature of the patient and to the 
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Bionclioscopy on tiu- fi£tU nn-l twelfth Iios{iitft( <Isiys nn-fahvl jjijunitutioii tissue 
htjuetinj; tlic distal portion of tin* Immclius. iiitormcdiu.K. Ba<;terial etiUore sliowt'd aoroliie 
Klebsiella which was stront,dy .sojiMiti%e to Cldoromycctiiu No lirowtli \vaM obtained from 
cultures for acid-fast orunnisias and luugi. Biopsies of the area showed chronic intlanumition 
of the wall of the hninclu)* The -iirface wa.s covered by a layer of necrotic tissue and 
fibrinopurulent exudate lu aiuc)' -‘i.- - ould see many broad, trn.’gular, nonseptate liypline 



pip I V che.^t film Vi- the dar of adml.^slon ahows con«ol{«lntlorj of tlm rintd 

lower lung in i i The air-flulU l ‘ »-* .-een in the obifque view taken the daj' aft^r admij'xion. 

This persjM.' vMihout change f ' • Jays. 



f-.rirr-lr in 5i.s«T:>- Tr.*' Irrcr.'^^ ’’i’ Si-'l 

;Fig.2). T .. 

•earlily rj«ib)-' in rotjUn^iJ . ^ 

•occi hut no aenbfa-d orgam.*-- ... 4^^,^ 

V TT . tf,c -v-ond bron.h^^-.pr. -cr--. c.n.r 

tore Tanging 

«!ie5t film- remain'-'^ ' 
lower long field. 




MUCORMYCOSIS OF THE BRONCHUS SUCCESSFULLY TREATED BY 

LOBECTOSIY 


j\I. L. Dillon, ]\I.D., W. C. Sealy, M.D., and B. F. Fetter, M.D. 

Durham, N. C. 

U NTIL recently, mucoiTiiycosis infection Ava.s considered a nniformly fatal 
disease. Harris,^ from this clinic, reported a diabetic patient Avitli naso- 
pharjaigeal mncormycosis in whom the diagnosis was made during life. Re- 
coveiy followed rigid control of diabete.s, desensitization against the fungus, 
and administration of iodides. 

The authors have treated a second patient in whom the diagnosis of mucor¬ 
mycosis Avas made during life. The factors Avliicli led to a satisfactory i-ceovcry 
of this patient form the luisis for this report. 

CASE REUORT 

R. G. (Duke No. E30177) was a 20-ycar-olcl Negro woiiiati who Jiud had diabetes for at 
least 5 years. Two and one-half months prior to her admission to Duke Hospital she was 
treated at her local liospital for lier first episode of diabetic coma and acidosis. A second 
episode, d weeks prior to her admission to Duke, responded well to t!ic usual therapy for 
acidosis. On the sixtli day of this admission she developed an elevation of temperature to 
39.5° C. An area of consolidation in the right lower lung field was demonstrated by x-ray 
examination. In spite of penicillin therapy slie did not improve and was admitted here on 
Mareli 30, 1956. 

On admission the temperature was 37° C., pulse 100, blood pressure lOS/CO mni. llg, 
and respiration 22 per minute. Tlie traciiea was shifted to the left. Over the right lower 
cliest the breath sounds, tactile fremitus, and vocal fremitus were decreased, and there ^Yas 
dullness to percussion. Tlie liver edge extended approxiinatelj- 2 fingerbreadtlis below tlic 
costal margin and the organ was tender. The remainder of the physical examination was 
normal. 

Laboratory studies on admission showed the liemoglobin to be 11.6 Gm., the wliite cell 
count 9,050 with 53 per cent polymorphonuclear leukocytes, 3 i)er cent stab forms, 2 per 
cent eosinophils, 10 per cent basopliils, 3 per cent small lymphocytes, 22 per cent large 
lymphocytes, and 16 per cent monocytes. Urine examination sliowed a specific gravity 
of 1.034: and a pH of 5. There was no protein or acetone, but l-t sugar was present. 
Microscopic examination of tlie urine was negative. Candida albicans, iionliemolj-tio Micro¬ 
coccus pyogenes var. aureus and Neisseria sicca were grown from tlie sputum. Gram stain 
of the sputum sliowed a predominance of gram-negative diplococci. 

A fasting blood sugar was 222 mg. per cent and serum cholesterol 266 nig. per coat. 
Gkin tests for old tuberculin 1:1000 was 2+ in 48 hours. Skin tests for hlastomycin, 
eoccidioidin, and liistoplasmin were negative. 

A chest film showed complete density of the right lower chest (Dig. 1). During the 
first week, lier diabetes was well controlled and she began cougliing uj) foul-smelling, purulent 
sputum. Fluoroscopy revealed an air-fluid level in the right lower lung field. 

From the Division ot Thoracic Surgery and Department of Patliologj-, Duke UniversitJ 
School of Medicine, and the Veterans Administration Hospital, Durham, N. C. 

Received for publication June 10, 1957. 
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Sections tlirougU tlic bronchus mteimodiuH and adjacent Ijmpli node« 'showed niaikod necrosis 
of the bronchus nitli infiltration of the bronchus by nonscptiite ]i\phae (Pigs. 4 and 5). 

She AMIS discharged on the foity third postoperative day. Tiie diabetes AAas controlled 
on a 2,100 caloiic diet mth o2 units of XPII insulin A\ith 5 units of regular insulin 
adnumstered in the nioniing. A vaccine made up of Candnla alliicn^is and Jlucor, 3:1000 
dilution, had been started AAhile in the hospital to be continued thiee times a week by her 
county health office. 

Although she has not ictuinod hero tor follow up, a leport from her county healtli 
office states she cont iiueJ to do well for 6 moiitIi<< folIoAMiig discJiarge and then mo\cd out 
of the state. 



Fltr. 3—Section from bionchus of operathe specimen TJie section shows a matted mass 
of lijplnc liliiff on the epithelial suiface of tJio bronchial wall (Homntowlin ind eosin; 
X167. leducerl 


DISCUSSION 

Pulmoiiai’y mncovinycosis lias been reviewed recently by Baker.-' “ In 
bis sei'ic.s of patients, all of whom died, tlie disease occurred 01113 - i" those who 
had concomitant disease that could have reduced the resistance of the hod.y to 
infection. Diabetes mcllitus, multiple m.veloma, leukemia, infant diarrliea, and 
fliermal Imrns were amonp: the predisposing facfoivs. 

This is the bust reported patient who has had a pulmonar.v resection for 
imieormycosis and tlic second patient in whom a diagnosis has liceii made during 
life. From similar patients, preiionsh- reported, it is apparent that a pre-exist¬ 
ing severe illness is necessar)- for the establislinient of pnliiionar.v mucormycosis. 
In onr p.atient, diabetes mellilns with acidosis and coma iias the predisposing 
factor in reducing resistance to infection. AVith llie maiked iiinainiiiatory 
reactinii and destruction of the hronchial wall, ohstriielion was produced. This 
then favored tiie de\elo])ment of a bacterial abscess distalli-. 

The principal factor neecssar.v to cITcct a cure of a patient with miicormi'- 
cosis is to control tlie ])rc-e.xisting disease as advoc.ited hi- ITarris.' Removal 
of the noiiareatcd destroyed lung in our patient was a second essential factor. 
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On the twenty-fifth hospital day, lesection was attempted Init postponed because of 
aspiration of soorctions during intubation. Tliis clean’d and on the tliirtioth hosj/ital dav 
she was intubated under topical anesthesia with a Carlen’s bionchospiromcter tube and, 
under general anesthesia, a right middle and lower lobectomy was jicifoimcd. A tiaeheostomv 
was done at the cud of the pioeedurc to maintain tiaclieobronchial toilet. Slie did well 
and became afebrile on the seventh poslopeiative day. Antibiotics weic continued for 10 
days after operation. Serial films following the middle and lower lobectomy on the light 
showed the left lung and riglit upper lobe to be e.\pauded well (Fig. 3). 



Fig". 3.—.V cliest film made 5 weeks after riglit middle and lower lobectomy sliows good 
e-vpansion of the remaining upiier lobe with some postoperative pleuial leaction at the 
right base. 



Fig. t.—Section from bronchus of operatixe specimen. The section from the 
the bronchus intermedius shows hyphae extending deep to the bronchial cartilage. (Hema¬ 
toxylin and eosin: X167; reduced 1 ^ 3 .) 

Gross e.xaraination of the lobes removed showed a large abscess containing 30 to 40 
c.c. of sanguino-purulent material in the lower lobe, with atelectasis and consolidation of 
the middle lobe. Sections taken from the superior segment of the lower lobe, basilar portion 
of the lower lobe, through the parenchyma of the middle lobe, and from tlie wall of the 
abscess of the lower lobe shoxved only chronic nonspecific pneumonia xvith abscess formation. 



ACCESSORY LUNG- WITH PERSISTENT LEFT SUPERIOR 
VENA CAVA AND DUPLICATION OP INTESTINE 

Gordon R Henmgar, JID ,* vnd S II Cho\, SID** 

Richmond, Vi 

I N compaiison Mitli othei nialtoiniatioiis of the limg, aecessoi\ hing is an un 
common obsei\ation Hcixheimei,* in 1901, descubecl a noimalli aeiatcd 
accossoiv lung He found a small iunctional “thud lung” stemming fiom a 
tiaebeal bioncbus 2 5 cm doiin from the cricoid cartilage This acecssoit lung 
“set aboie the lung on the light side ’ had caused stenosis of the tiaehea mIicii 
it piessed against the light side of this stiuctuie Howevei, be did not describe 
the ougiii of the blood supply to tins aecessoii lung The second case of tiuo 
accessory lung iias lepoited bi Mullet - This, like that of Heishciiiiei, was a 
light sided accessoiy lung oivginating fiom the trachea Again details of blood 
supply aio absent oven though he describes an arteij and a vein to tlie accessory 
lung on seiial micioscopic sections Tiacheal diicrticula and tracheal acoessoit 
lungs neie discassed maiii seats ago by Chian' In 1940, Hulse and Cuitis' 
lepoited a case of a tine tiaeheal acccssois lung svhicli ssas diagnosed hi bion 
cliogiam Cotton, Spaulding, and Pcnido'* lepoited a nliole tiiic accessoiy lung 
with three lobes located in tlie light thoiax This nns said to be the fiist instaneo 
of a tine aceesson lung lemoied by suigeit The blood supply was a single 
blanch of the subelat lan aiten The tippci, acccssori cistic lung conic directh 
off the trachea hi a stem bionelius that measuied appio\imateh 3 mm in di 
ametei and 1 cm in length In 1953, Sclej’ icpoited nhat he said to be the fiist 
lecoided instance of an accessoij’' lung situated in the siipiahilai aiea leceuiiig 
an arteii fiom the aoita and showing evidence of cistic disease and sequcstia- 
tion 

The puipose of this lepoit is to define and discuss a case of pure oi tiue 
accessoiy lung Tins malformation is to be cleaih delineated fiom othei con¬ 
ditions with which It IS confused Loosely defined tciiiis such as tctopic, siipoi 
numcrary, aheriant, lowei accessoiy lobes, tracheal ditertieiiln, bronchogenic 
cjsts, etc, have confused the issue of the exact moiphologi' of tiuo accessory 
lung The case picsentul in tins lepoit affoided an oppoilunity to iiiicct the 
aitciial and venous blood suppH to the accessory lung and tliciebj tiacc the 
exact oiigin and couise of these xessels 

CISF RrPOKT 

A one montli olil ^\]Mto ftnnlt cliild w idimitteil to the "MLlKnl Colli ge of VirRini i 
Ilo^pitil on Tuno 5, 1050, heenn^o of (.hronic constipition, <?trunm{' it vtool uul the recent 

Ueccnod fot publication Alaj -4 10 " 

• \«!soc5ate Professor of PatJiotofj\ Medical Collep* of 'tliginli Richmond \ i 
••Instructor of Patholojjy ^lelictil College of Mrglnla RicJmiond*^'^ 
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for this removed an area that harbored an infection and made control of the 
diabetes possible. Im^asion of blood vessels of the lung by the IMncor witli 
resultant infarction, as so frequently occurs, was not found in our patient. 
The limitation of fungus infection to the bronchus, followed by normal healing 
of the bronchial stump was, we felt, due to the rigid control of her diabetes. 

The fungus was not grown from this patient possibly because the number 
of fungi were few as compared to the number of other organisms. The fungus 
in the tissue was confined to a small segment of the bronchus and was not seen 
in the cavity'’ in the lung. The cavity distal to the site of fungus infection was 
a typical pyogenic abscess such as one usually sees with bronchial obstruction. 
The fungus could not be identified in the wfill nor could one see the usual 
reaction associated with the presence of this fungus, namely, necrosis of tissue 
with little or no cellular infiltrate. The organism would surely have grown 
if a portion of the bronchus had been used as inoculum. Phyeomyeetes are 
readily recognized in tissue sections by the ma.sses of nonsejfiate hypliae and, 
when invasive into the tissue, may be considered })a1hogenic. 

SUMMARY 

This is the first ease of pulmonary mucormycosis in which a pulmonary 
resection was performed, and the second case in which the diagnosis was made 
during life. 

The pathogenesis and course is discussed. 

KEREREXCKS 
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Follouiiig admission, tlio infant >\as placed on a Similac formula. She look feedings 
fniily ^^ell for the most part witli \arjable aiiiuuiit of regurgitation. The weight liad increased 
to 6 pounds, 4 ounces i)y the sixteenth hospital day when a l.ipaiotoiuy was peiformcd. 

Opaativc Ftndtngs :—On inspection of the peiUonc.il ea\ity, it i\as apparent lluit the 
terminal ileum was duplicated as well as the (ia*unj and the appendi.x. TIuto was a duplicated 
large intestine down to and below the peiitoneal refloetiou (Fig. 1). TIio duplicated colon 
had a mesenterv of its own from the terminal ilcum up to the mid-transverse colon. At this 
point the wall became common with the normal colon. The duplicated colon was three times 
normal size, cystic in natuie and its walls were definitely thickened. The duplicated terminal 
ileum was recocted and the proximal line closed with silk sutures. The duplicated cecum, ap¬ 
pendix ascending colon and proximal transverse colon which had its own mesentery was rejected 
without difficulty and the distal orifice of the duplicated colon was cxteiiorized as a fistula. 



Fiff. 2.—^The tw’o lobes of the left lunir aie rellecte<l forw.inl, re\eahnff an aerated 
accessory Iuor: iMng In the posterior part of the thoiacic cape and separated from the left 
lunp by a tianslucent sheet of pleuia 

Postoperativcly, the infant did satisfactorily until tho eighth postoperative day when 
she developed vomiting and sulmoimal temperature. The respiration became difficult and 
there was marked inspiratory retraction with gieemvU mucoid material exuding from the nose. 
There was intense cyanosis and coarse rhonthi and rales throughout the cliest. The patient 
died. 

Jntopsij Findings .—There was an accessory lung lying in the posterior portion of the 
loft upper part of the pleural sac (Fig. 2). This lung possessed its own pleural cavity and 
like the other lobes of the lungs was well aeralcil. This latter finding accounted for tlie fact 
that no mass or lesion was seen by x ray. The accessory lung liad a communication with the 
trachea by an eparteriul bronchus which arose from the left side of the trachea less than 1 
cm. above its bifurcation. The lungs w'lth their six lobes and their contained blood supply 
were miected with \iiiylite plastic (Fig. .3). The result of this showed that the accessory 
lung was supplied on the jirterial side hy a branch of the left mam pulmonary arterj*. The 
venous return was hy the pulmonary vciivv. An additional anomaly was drainage of the azygos 
system into a left per-’i-^tent «5uperior vena cava (duct of Cuvier) which drained into the left 
atrium. 
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ai^pearaiice of a mass at tlio amis. Tlic infant nas bom om> niontli piematuicly and weiglied 
5 pounds and 6 ounces at biitli. Fiom the beginning, the infant ale an evaiioiatod milk 
formula poorly and spit up a good deal of each feeding. The stools had always been small, 
haid, and yellow. Appioximately one week piioi to admission the infant began to strain more 
during defecation and at this time the mothei noted a mass at the anal oiificc. On the day 
befoie admission, she noted some blight red blood on the diaper. Theie had been no vomiting, 
fevei, or other symptoms and the histoiy was othciwise negative. 

Physical Examination :—Temjieiatuic 98.6“ F., weight 3 pounds, 13% ouuce,s, pulse 150, 
lespiiation 30. The geneial appeaiance and the physical e.\ainination weic not abiioimal ex¬ 
cept for the findings confined to the anus and rectum. On stiaining theie appealed to be 
protiusion of the lectal mucosa on the left side of tlic anus and laxity of tiie iieiiucum. lligi- 
tal examination levealed a tubulai cystic mass enci caching on the left side of the anus, rectum 



Pie'. 1.—Duplicated sniali and laiee intestines. 


and lectosigmoid. The mass was between the lectuni and pelvis. Theie did not appear to be 
any connection between the mass and the sacial and retiopeiitoneal legioii posteiioily, nor 
did there appeal to be any connection by a stalk between the mass and the ioctal mucosa 
highei up. The examining fiugei could not be inserted lietween the mass and tlie external 
ciicumference of the anus. The lumen of the anus and lectum appealed adequate foi bowel 
movement. 

Lahoiato')y Data :—The uiinalysis was negative. Hemoglobin 15.2 Gm.; white blood cells 
17,800 with 4:2 per cent polymoiphonucleais, 1 per cent eosinophils, 25 poi cent lymphocytes and 
32 poi cent monocytes. Smeai showed a stioiig shift to the band stage and seveie toxic changes. 
Seium sodium 145, potassium 6.0 niEq./L., chloiides 97 niEq./L., and CO. 22 niEq./L., re¬ 
spectively. BUN was 17 mg. pei cent. 

A barium enema on the day aftei admission levealed a veiy redundant but noimal-sized 
colon with questionable iiialiotation of the cecum. Filling was not completely .satisfactoiy. 
Evacuation was pool. Eoeiitgenogiams of the chest icvoaled a noimal caidiac shadow witli 
slight proniinonce of the bionchovasculai niaikiiigs tliioughout and lineai densities in the lig'd 
uppei lung “compatililc with lineal atelectasis or icsidual changes of pneumonia.'' A gastio- 
intestinal study with Lipiodol was also negative. 
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it slioiied not onh duplication ot the lungs, hut also nitestinal duplication The 
anomalous oi peisistent leiious letuiu to the left atiiuin and the lett peisistent 
leiia caia aie of passing inteiest in this case 

snintvRt- 

A case oi tiiie accessoii lung, duplication of intestines, and anomalous 
lenoiis letiiin to the lett side ot the heart is icported It seems pioh.ihle that 
the aeeessoii lung should he so designated onh it the tolloiiing eiiteiia aie 
tulfilled oiigiii fiom the tiachea oi main stem hionchiis, a inilmonaii hlood 
snpph and a sepaiatc pleiiial caviti 
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Anatomic Diagnosis. —Dui)licution of the teiiiuual 2 cm. of ileum, cecum, appendix, as- 
ecudiiig colon, tiansveise colon, descending colon, sigmoid colon, and uppci icctum. 

Suigical lespction of duplicated icuiiinal ilcum, appendi.x, cecum, ascending colon, and 
luoximal tians\(“)be colon. 

Localized fibiinous ireiitonitis of colostomy site. 

Colostomy, anterior abdominal wall, involving pioximal end of duplicated large bowel 
not surgically lemoved. 

Duplication of left lung—aceessoiy left lung with its own pleuial cavity. 



Fig-. 3.—The vinjlite plastic injection according to the inetliod of Iviebow. Tlie accessoiy 
lung IS supplied by a pulmonary artery and drained by a pulmonary \ein. Theio is no con¬ 
nection with the aorta. 


DISCU.SSIOK 

There appears to be little or no difficulty in defining the anatomic features 
of such pulmonary anomalies as azygos lobes, bronchogenic cysts, congenital 
cystic disease, mediastinal cysts, and tracheal diverticulum. Eeview of the litera¬ 
ture quickly demonstrates the confusion between terms such as true aece.ssory 
lung, pulmonary sequestration and ])ulmonary sequestration of accessory lobes 
and, finally, aberrant and heterotopic lung. In our opinion, true accessory lung 
is composed of two or more lobes, is contained in its own pleura, and derives a 
bronchus from either the trachea or tlie main-stem bronchus. 

Furthermore, both the arterial and venous blood supplies are entirely pul¬ 
monary in derivation and course. In other words there is no suppl.v from the 
systemic arteries. The aberrant lobes have no connection with the trachea or 
bronchi and the blood supply is from the systemic artery. Pulmonary sequestra¬ 
tion is a malformation characterized by “cutting off” of the developing lung 
and, as would be expected, possesses a systemic blood supply. From a review 
of the literature and our own ease we are of the opinion that the development 
of a true accessory lobe is not brought about by the mechanism of pulmonary 
sequestration. It is more aecurately a duplication or supernumerary process. 
It is our feeling that the case presented in this report suppoi-ts our view in that 
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Libor'itoiv itudics shontil illxiniintin i iiul i blood iirti nitrogen of 27 iii" ptr cent, 
hemoglobin 13 1 Gin per cent, hemitoent 45 pet cent, dilute cell'', 0,010, -with a nornnl 
differential, miero''Copic CMUunatioii of the urine was negUive 

A letfc thoracotoinj was perfonuel iimlei Pentoth il nitrous oxide cllier o\\gen emio 
tracheal anesthesia Uuriiig anestlic'sia there w is a fill in blood pressuie which w is con 
ti oiled b} a \a«opressor gnen in contimioiis iiitra4enous drip 

Palpation, of the left lung \t operation disclosed 2 distincth separate masses in tlie 
left lower lobe The first mass lax in the superior segment of tlie left lower lobe, was o\oul 
and firm, and was adjacent to the interlobar fissure Ihc second mass occupieil the lateral 
basal segment of the left lower lobe Large liard Ijiiiph nodes were present at the hilum 



Fiff 1 —^Roentgenogram of chest just prior to thoracotomy 


and m the inlcnor pulinonarj ligament ind frozen vodioii of tin miss m tlie 

superior segment xx is reported as epidermoid carcinoma Because of the patient's eardi 
status, piRumonectonn xxas «Uemed in idxi*>ahle left loxvei lobe Jobectonn ami h ar 
Ixinphadenectoniy were performed Ihere was no cardiac oi respiriton emb irrassnun: 
postoperatixeh Iho wound healed per pnmam and he x\ is disch irgcd on the ninth jsx * 
operatixe dax 

Operotut '^lunmin —The specimen consivted of the lowir lobe of i left lung an’ 
ured 12 bj 21 bx h cm llic bronchus to the I iter il ba‘'nl ''Ogment cont lined in - 
mucus and could bo traced into a circiimseribed, nomncapsiilated, oxoid, gra\ w'- • ~ ~ c 
with foe d areas ot necrosis It measured ipproxiinatch 4 0 cm m diameter ^ 

to tho superior segment of the left lower lobt was the «ite of origin of a" 
senbed, nonencapsulated grax white tumor measuring approiimateh 3 1 c m ^ ^ 

were discrete and separated bx an aren of iiitinxolrel parenchxma 
nodes and a specimen labeled “node from lingula” —f-e al'O tpcdixciI 
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A Cask Ricpokt 

WiLMAM NkWMAN, M.H., AND l^AUK C. AdKINS, i\I.H. 
WASIIIK(iT()N, 1). C. 


INTRODUCTION 


T JiJi rolJowin;' case exJiibitcd 2 jiriinary tumors, eoiiuiosed of 3 lustolo^’ienll.y 
difl'eront variants oi‘ lironclioncnic carcinoma, all arisiiif;' in llic lower lolic 
of the left lun{ 4 . These variants were a well-tliiVerentiated squamous carcinoma 
foi-minff keratin “puarls,” a well-differentiated jiapillary adenocareiuoma, and 
an uudi/Tereuilated (oat coll) carcinoma. 'I’lie latter 2 lU'Ojilasms produced 
metastases in rej'ional lymiili nodes and distant orj^ans of “])ure strains” or 
‘‘lines” of tuiuoi' with no admixture or interminfilinjj;' of the oat cell and adeno¬ 
carcinoma in any of the metastases. Tlnu’e was no metastasis from the well- 
differentiated siiuamous carcinoma. 

'’I'he ease touches on continuing jn'otjlems in eiiuicojiatliologic correlation 
and affords yet anotlKu- exainiile of unnccc.ssary delay in a jiatient having clear 
indications for .surgical intei-venlion. When o])eration was tiermitted in this 
jiatient with siguiticaut cai'diae disease, (‘Xjiert auestliesia and careful atten¬ 
tion to detail permitted thoracotomy and lola'ctomy to be completed unevent¬ 
fully. 


CASK UKI'OKT 

A G2yc'iu-olU wliite iiiiiu uiliiiillud lo Tlic Ucoi^m' Wu.'-liiiiatcu Uiiivcihity flo.spital 
I'or iiivc.slijraliou oJ' .a luhioji ol' Dio loft lung Jiotoil on a I'oonlgonognim, 'J'lio ])ationl lunl 
liad It oougli for ■) yoiins atU'iliutod to olironio bronoliilih. llo liiid ui'torio.'<oloroti<; hoiirt dis- 
oiiso with .sovonil opihodch of eongostivo fniluro coiitrolloil liy digiliilih, diurotics, and low 
.sodium inlaico. JIo )ia<l I’ooontly boon .slndiod booausi* of albuminuria, ca.sl.s and homuliiria, 
and a jirosuniptivo diagnosis of right ronal voin Ihroiabosi.s had boon laado. 

Itoontgoii oxamination at anothor institution showed a shadow in Iho lofi lower lung 
/lold. Jlo wa.s advised by a physician to have nothing done aliout it bocamso of hi.s oaidiac 
status. Hix months later, the pationl had some pain in the luff ehost area. Incrcaso in llio 
size of tlio lesion in the loft Inng eoiild bo soon in it second roontgonogram (t'ig. t)) nnd 
surgical consultation was sought. Tlioracoloiny was ativised despite the patient’s heart 
disease since the jiuliiionary shadow was thought to be a tumor and there was no clinical 
evidence of distant metastasis. 

Physical (“xamination revealed a well-developed, well-nourished, while man. Illeod 
liressuro was 20()/lt)t) mm. Ilg. lilionchi were heard in the left chest below the scapula. 
The heart was onlargml to the left and auricular rdirillation was ]ir(“senl. 

3'’rom tlio ]3o|)aitnients of Patliolog^y and Surgery, Tlie George ■Waslduglon Unlvoislt.\ 
.Soliool of Medlelno, and The Ucorg-e AVa.sldiig-ton Unlvuralt.v Itosiiltal, 'Wa.slilnglon, in e,. 

Ilccelved for publication June 28, 1DC7. 
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Oa u\i(-io-<.o}uc cxtuimiation, the tumor from tlm wpp^r ksiou ('tupcnoi segment) ^s 
'i ucl! (Rirereiiti itcil''•luanious careinom i uith "pearl” lorin itioii (Fiff 2, 1) Its broiicin il 
Oiigin w is sLcu luieinsooimalh and exttiisuc aieas ot in sjtti c ircinonii ucio nofed ailii 
cent to the infiltritiii^ conipoiicnt 'Iho lower mass (Iittiil h isnl scgnieut) w is coiiiposed 
of 2 distinct t\pes ot tumor a penplieral portion, consisting ot i papillan luUnocirci 
noma of bronclnol ir ongm (Fig 2, If), and a proximil component •^honing an undilUrcntiited 
anaplastic carcinomi compounded of small ovoid to piriform cells inoasuiing 10 to 16 mu with 
scanty cytoplasm (oat tell cartmoma) (Fig 2, C) There was c\tensi\e \ase\ilar and lym 
phatie invasion b'l tumor with oblitcratiac emlarteritis and thrombosis (Fig 2, 6) There 
w IS a mingling of hotli elements at the imd portion of the lesion (Fig 2, li), but lelitneh 
“pure’* tvpes proximalh and peripheralls No /ones of transition were found 



Fir 3 — 1 Lymph node left hilwm contaminK met\stat5c nlenocarcinonm (llcma- 
toxjlin and cosin Xl-0 icluced »* ) 

B Lymph node left hilum replaced in pirt b> metastatic anaplastic ciicmoma (oit cell) 
{Hematoxylin and eosfn Xl20 reduce I i-^ ) 

Each of the elements had metasta*5ized separitch to hil ir I>nipli nodes, some ot the 
nodes containing metastatic pipilliry adenocaremomi (Fig 3, -i), while others were m p irt 
0 completeh replaced by the “o it cell” clement (Fig ), i>) Ihcie w is no intermingling or 
juxtaposition of cell types in an\ of the nodes The well diffoniitnteil squamous carciuouu 
with keratin ”pcarls” from the superior «eguient w is not found m nn\ of the Ivmph nodc'^ 

Suh^iequent Coiirse —Three months after operation, the piticnt ^lipped and injured Ins 
left hip He was re admitted to The Giorge ^Vasllmgton 'bniver'»it\ Hospital where \ ray i\ 
amination •showed a patliologic fricture of the neck of the left femur Metastatic lesions wore 
also found by x ray studies m the left scapula, ami right cluicle Tlic liver w is noted 
to bo enlarged and it was eiidont that the patient h id lost consulcr ible weight Intern il /i\a 
tion of the neck of the left femur w is performed under gcnei il uic<»tlH«ia Po'»topir iticch, 
till! patK nt became more feeble and w is disornnted Ho w is (h^diirgcd 3 wtiks iftcr this 
idmission at tlio request of his famih He was admitted to another hospital one wiik after 
lus discharge from Tlio George Washington Liniversity Hospital and died on the following d ly 
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Fig. 2.— A, "Well-differentiated squamous carcinoma forming keratin “peails” from supe¬ 
rior segment of the left lower lobe. (Hematoxylin and eosin ; XlOO ; reduced V, ) 

B, Zone of admixture of well-differentiated adenoearcinoma and anaplastic (oat cell) 
carcinoma in lateral basal segment (Hematoxylin and eosin; X120. i educed %) 

Cj Oat cell carcinoma, lateral basal segment, showing vascular invasion and obliterative 
endaitends. (Hematoxylin and eosin; X120 ; reduced %.) 



THREE PSnrARY CAnCINOilAS OF LHNG 


47!1 


Volujne 55 
Number 4 



A. Ti. 



Fig. I.—.1, Panctoas with metastatic oat cell carcinoma HeinatoK\lfn an<l eo'iln : X90 ) 
It, Kidney with metastatic oat cell carcinoma. (Hematoxylin and eosin; XOO.) 

C, Jletastatic adenocarcinoma, right lower Inbe lung. (Hematoxylin and eosin; XSO > 

D, Kidnoy’^ with meUstulic adenocarcinoma (Hematoxylin and cosin; x90.) l.\U 
pliotomicrograph's reduced ) 



478 


NEWMAN AND ADKINS 


J. Thoracic SiirR. 
April. 1958 


(Wo aro indebted to Colonel J. E. Ash, M.D., iiathologist, Suburban Hospital, Be- 
thesda, Md., for a copy of liis post-mortem findings and slides and permission to quote from 
his protocol.) 

Sitmmari/ of I^criiiunt Findinus at Post-morlvm Examination .— 

No free fluid in thoracic or abdominal cavities. 

Heart. 530 grams: Atheromatosis of aortic valve. Moderate degree of coronary‘sclero¬ 
sis most marked in the eircumfle.v bruncdi of the left coronary artery. Area of scarring at 
apex of left ventricle suggesting old infarction. The interventricular septum contained a 
solitary metastatic nodule measuring O.S cm. 

Lungs. Eight 610 grams, left 530 grams: Eight lung voluminous due to emphysema of 
the upper and middle lobes. Some collapse of the lower lobe with small nodules of meta¬ 
static tumor and a calcified tubercle. Hilar lymph nodes on the right enlarged and replaced 
by tumor. Tho remaining left upper lobe was firmly adherent to the parietal pleura and 
showed fibrous pleuritis. Many nodules of tumor were seen in the left hilar region. 

Liver. 1,730 grams: klany umbilicated nodules of metastatic carcinoma, more i)ro- 
nounced in the right lobe. 

Gall Itladder: Metastatic tumor nodules in the wall of tho fundus. Large tumor-bear¬ 
ing node related to tho cystic duct, with no obstruction to biliary drainage. 

Pancreas: Tho pancreas was the site of a tumor measuring S bj' 5 cm. which almost 
entirel.V replaced the body and tail of tliat organ and extended into the surrounding tissues 
with involvement of peripancrcatic and cocliac nodes. 

Kidiuys. Eight ISO grams, hft 140 grams: Each contained multiple metastatic nodules 
in their cortices varying from 0.3 to 1.3 cm. Tho right renal vein was normal. 

Gastrointestinal tract: Eeceut ulcer of the lesser curvature 1.5 cm. in diameter. 

Great vessels: Moderate atherosclerosis of abdominal portion of the aorta. Metastascs 
in ijara-aortic and retroperitoneal nodes. 

Microscopio Examination .— 

Tho separate “lines” of metastasis from the lower tumor found in the hilar lymph 
nodes at tho time of the operation were still evident in antoi)sy sections of regional nodes 
and distant organs. 

The bulk of the metastascs were tliose of the “oat cell/’ component and were found in 
tho pancreas (Fig. 4, A), kidneys (Fig. 4, B), periadrenal’tissues, heart, gall bladder wall, 
and lymph nodes. 

Tho papillary adenocarcinoma (bronchiolar component) was found in the right lower lobe 
(Fig. 4, C), right hilar lymph nodes and kidneys (Fig. 4, D). 

There was no intermingling or admixture of the 2 components in lymph nodes or kid¬ 
neys, each element, remaining separate in each of the mctiistases. Eeticulum stains showed 
a moderate amount of stromal reticulin but none was produced by the tumor cells. Muci- 
carmino stains showed mucin in the (often papillary) adonocarcinomatous component, but 
none in the “oat cell” portion. There was no jnetastasis from the well-differentiated, 
keratin producing, squamous carcinoma of the superior segment of the left lower lobe (see 
Fig. -, A) found in the lobectomy specimen. No section of liver was available for micro¬ 
scopic examination. 

DISCUSSION 

This ease is unique in our experienee by virtue of the “pure strains” or 
“linos” of tumor, with no zones of transition, found in the primary sites in tho 
left lower lobe and maintained in regional node and distant organ metastases. 
It would appear to fit in the classification devised by Foulds as a rare instance 
of “independent primary tumors.”^ Some recent papers with photomicrograpbs 
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a-vvay from zones of infiltration would seem to leave little doubt as to multi¬ 
centric origin. This rvould appear to us to be a more useful basis on which to 
support the theory of multicentric origin of carcinoma of the lung than the 
variation in cell type. In the present case, extensive areas of in situ carcinoma 
were found in the bronchus of origin adjacent to the infiltrating portion of the 
well-differentiated squamous carcinoma in the superior segment of the left 
lower lobe. 

Areas of in .situ oat cell carcinoma and bronchiolar adenocarcinoma were 
also recognized away from areas of inbltration. The microscopic appearance 
of the tumois at these sites was reminiscent of some of the photomicrograplis 
publi.shed in recent papers by .Spain and Parsonnet'® and Horrell and Howe-’ 
both of which lend strong support to the concept of the multieentrie origins 
of carcinoma of the lung. 

There seems to be a wider acceptance of this concept when applied to 
terminal bronchiolar adenocarcinoma than to the .squamous and oat cell vari¬ 
ants and. for this point, the large section mounts of JIcGrath, Gall and ICes- 
sleri offer strong additional evidence that all variants of bronchogenic carci¬ 
noma are nudticentric in origin, as does the paper by Papanicolau and 
Koprowska.=‘ 

An imprc.ssive array of data supporting the concept of multieentrie origin 
at many different sites in the body has been gathered and addcil to pei-sonally 
by ‘Willis,” Stewart.” Slaughtei"-” and Collins and Gall.'' 

The clinical implications of the theoiy of the multieentrie origin of cancer 
are manifold. Particularly pertinent to present-day modes of therapy are the 
margins in e-xeisional surgery.' '‘recurrence” of carcinoma versus now pri- 
mars' tumors''’” and the paramount need for more frequent examination and 
closer observation of that particular organ or .system in which patients have 
developed their initial primary cancer. 

SUMM.VRV 

A case report of 3 primaty bronchogenic carcinomas arising in a left 
lower lobe is presented. Two of these neoplasms metastasized separately to 
regional nodes and distant orgaas. Problems of elinicopathologie interest and 
the theoiy of the multieentrie origin of cancer evoked by the case are dis¬ 
cussed briefly. 
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showing juxtaposed histologic variants of bronchogenic carcinoma do not in¬ 
dicate whether each element metastasized separately*’ * as occurred in the 
present instance. 

It touches, too, in microcosm, on many points found in some recent papers 
dealing with carcinoma of the lung including the re-emphasis on classification 
based on histology,'’’ °’ ® site of origin of pulmonary cancer correlated with his¬ 
tologic type,* the significance'*’ *'** or lack of significance®’ of cell type, 
and the location of metastases compared with cell type.*® In tAvo excellent 
recent papers, AValter and Pryee^’ * have correlated the histologic type of 
pulmonary cancer with the site of origin in a large series of surgically i’eseeted 
and necropsy specimens. Their observations with regard to data gleaned from 
surgical rather than necropsy material are important, as is their insistence, 
along Avith Willis, on greater recognition of the secondary changes in tumors 
Avdiieh obscure cell type and make comparisons of different authors’ classifica¬ 
tions difficult. Thes.e tAVO papers'*’ * are of particular A^alue in helping to estab¬ 
lish that disparate statements in the literature may be due to the use of nec¬ 
ropsy material alone®’ *® rather than surgical specimens used in concert with 
necropsy findings. For example, fcAV people Avoiild agree Avitli Olcott’s im¬ 
pression of the clinical course and behavior of oat cell carcinomas of the lung 
derwed from his 8 cases.® The general experience A\'ith oat cell carcinoma 
(also CA’idenced here by the extent of the meta.stases of this component) 
conforms fairly closely to the reports from the Mayo Clinic.® Survival beyond 
one year after surgical resection is a rare occurrence. It may be that patients 
in Avhom a diagnosis of oat cell carcinoma can be made by bronchoscopic biopsy 
should have no further operative intervention as implied by the findings from 
the Mayo Clinic.® 

In recent yeai’s, renoAved emphasis has been placed on the correlation of 
cell type Avith clinical course*’ although some have denied that it has 

an}’’ role in helping to determine prognosis and suiwiA’^al.®’ It is becoming 
increasingly CAddent that there are many interrelated and interdependent fac¬ 
tors (rather than any single one) Avhich are important in improving operabil¬ 
ity, survival, and salvage rate for carcinoma of the lung. Among these factors 
(not onlj’- in carcinoma of the lung but at other sites as Avell) are histologic 
type, location and size of the primary tumor, ijresence or absence of Avascular 
and lymphatic iiwasion, and the status of the margins of resection as avcII as a 
group of only dimly envisioned “host factors” (See Kef. 18). 

Yet another facet of this case, apart from the presence of the 3 distinct 
primary carcinomas Avith separate lines of metastasis of 2 of the tumors, is the 
problem of multicentric Amrsus unicentric origin of carcinoma of the lung. 
McG-rath, Gall, and Kessler® used the Amriations in histologic type found Avhen 
prepai'ing large tissue sections of pulmonary tumors as one basis for support 
of the theory of the multieentric origin of bronchogenic carcinoma, but appar¬ 
ently none of their “mixed” eases metastasized as distinctive histologic en¬ 
tities. The striking illustrations by these same authors® of in situ carcinoma m 
bronchi adjacent tg infiltrating tumor as Avell as multiple sites in bronchi Avell 
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G reat progicss Ims been made in the field of >iitinc,u,ij_,,g 
few yeais. Among the factors making this 
hypothermia to protect the caidiac and cerebral cells dim,,,, "sc of 

tion of circulation. " periods of ecssa. 

Hypothermia, however, has certain iiihei'cnt dangets wi • 
its general application. The gicatcst of these is the incicased^' ‘^‘’"'P^'cate 
of the hypothermic heart to ventiieular fibrillation. ,Sc veial 
nent m this incieascd susceptibility to fihiill.ation and steps to "®P>«nii- 
avo essential. It has been well shown that one of the gicatcst f-i 
production of filuillatinii is that of hypoventilation and a subsctinp”' 
the pH of the blood.'- ” It is also known that the potassium h-verf 
sistcntly while the calcium level rises with a fall in the temperntiiio ’ 
and magncsiiiiii lei els appaiciitly leiiiahi constant'' ' ®*1'nni 

Hooker,® in 1930, showed that potassinin chloinh ivas efl'ectiie ii fl . < 
meiit of ventiieular fihuUation. However. Kyle ,iud Kiihj’ j,,a g 
shown that potassium ehloiide is not as effoctiie as elocfiie shoi k 
standing earlier leports that electric shock Mas iiieftcetiic dii /ng 
thermia.’'’ They point nut that a soiions disadi antage to the use o pofa 
chloride is that cardiac aricst ocenrs in diastob ,is the lesnK of iivo'”''*r”” 
depression and there is then difficulty in cstahlishing a normal rhithni ' 
Although defilnillatioii can he aceompHsli-d by the use of pofas ■ 
chloride or by cloetiie shock, the pieveiition oi veiitiiciilar fibriih.fion';,, 
desired goal. Jragncsiiim sulfate, qniiiidiin .iml the antihi'itaniines 
studied puisuant to this olijective. 
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Hagnesinm has long hoeii known to he .i inyocanlial deprcs.saiit thi; 
its action on delay of the A-V and ventrii i,lar eoiidnction times'' =•■ n 
in sufficient eoiieeiitiatioii, is kiiowii to cause cardiac sfandsfiJI.” Quinidine 
also, is a inyocaidial dopicssant affecting general rayceanlial f^rcit.ihility as 
M-ell as condnetioii ami contractility. Its action has Inn sfmiied in noi^',, 
theimic animals ami it has been .shomi th.it 10 in" r--rkil- era.-i eisrn infra 
vcnously will protect the mjocaulinm fi- n vciitricniarihrillatfon r-dm-a,] 
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■JSo 

oceuiTiiij' iininc'diately. During the period of occlusion of 6 to 7 minutes, tlie 
licai't in all eases would gradunll 3 ' resume a slow bradycardia. During this 
period of oeclusion the septum was c.vplorcd through a right auricular iii- 
eisiou. In fa’ of the !) animals, vcntrieular fibrillation occurred with the re¬ 
turn of inflow of blood or when cardiac massage was used in an attempt to 
restore normal rhj’thm. 



irjg-, 1 —The AIl-Purpo*ie Vascular Clamp The clamp is useful In tho'^e situations where 
compression by a ^e^tlca^ device is moie desirable tban occlusion b^ tlie \arJoiis liorlzonta) 
hemostats now’ a%ailable The AtrauKrip* feature keep? the clamp from ‘»lippinfri and appar¬ 
ently does not injure the \essel?. It has a shaft. Includlnff the hindie. 22 cm lonp and it's 
curve is away from the operator so that it may be held b> in as'd«tant without obstructlnp 
the surgeon’s view 

Acetylcholine with maqnesixim lulfate: In the second group (Tabic 11), 
magnesium sulfate was used in addition to the 100 mg. o£ acetylcholine. This 
was administered by two diffci’cnt methods. In 2 dogs the same procedure as 
doserihed above was carried out except tliat, prior to the injection of the 
acetylcholine, the coronary arteries were perfused with a solution of 2 Gm. of 
magnesium .sulfate. This resulted in various degrees of heart block wiiicli 
reverted to a normal rhj-thni in j to 7 minutes. At this time tlie acetyleholiuo 
was injected witli immediate and total standstill for the period of occlusion. 
In one of these, a normal rhythm was obtained after a short period of massage, 
in the other tlie lieart stopped in diastole and ventricular lihrillation oeciiricd 
with massage. 

•Patent by PlUlng & Co. Philadelphia, Pa 
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an electric shock, although hbrillation can still he produced by a stronger cur¬ 
rent or repeated shocksd- ■’ Autihistainiues haA’^e been shoAvn to lun^e an 
efl'cet similar to (luinidine in normothermie animals.® 

KXPEIUMKNTAL WORK 

Method. —Adult mongrel dog's Avere anesthetized Avith sodium pentobarbital 
(30 mg./Kg.) and cooled in an iec and Avater bath to a rectal temperature of 
31° tt In all cases, the temperature Avould then fall to 27°-29° C. during the 
operation. After intubation and mechanical resihration, both chest caAdties 
Avere opened through the fourth intercostal space and the sternum transected. 
The azygos A'ein Avas ligated and the superior and inferior A'enae caAme dis¬ 
sected and umbilical tapes passed around them. After opening the pericardial 
sac, the base of the aorta Avas di.sseeled free and a tape passed around it. A 
tape Avas also passed through the transA'crse ])ericardial sinus for identifica¬ 
tion. (In later cases, Ave found that the o])cration could be done as easily 
through the right chest alone and that the animals tolerated the procedure 
much better Avhen the sternum Avas left intact.) 

After occlusion of the A’cnae caA’ae for 4,3 seconds to allow the heart to 
empty, the aorta Avas occluded and A’arious carclioplegic mixtures in 8 c.c. 
volume Avere injected proximal to the aortic occlusion and distal to the aortic 
valve cusps to ensure peil'u.sion of the coronary arteries. A Berman* vascular 
clamp (hhg. 1) Avas then placed across the aorta and pulmonary artery through 
the transverse pei-icardial sinus. This not only pi-events the backfloAV of the 
cardioplegic mixture from the coronary system, but prevents the possibility of 
coronary air embolism in cases of septal defects Avherein the approach is 
through the right heart. 

The experimental studies Avere divided into 4 groups according to the car¬ 
dioplegic material used. The figures summarizing each of these groups ex¬ 
press, under “Results.” Avhat occurred after the 3- to 7-minute period of in¬ 
duced cardiac arrest. 

Aceti/lchoVine: In the first group (Table 1), 100 mg. of acetylcholine in 
8 e.e. volume Avas perfused into the coronary system Avith stand.still of the heart 


TaUU; I. ACETYl.CHOUNi:* 


animal 

1 RESULT 

I 

A'^eutriciilur librillution 

11 

A'^entricular fibrillation 

III 

A’^eiitrieular fibrillation 

IV 

A’^entricular fibrillation 

V 

Xonnal rln'thin followed bj' ventricular fibi-illation 

VI 

Ventricular fibrillation 

VII 

Ventriculiir fibrillation 

VIII 

Normal rhythm 

IX 

A^'entricular fibrillation after 7 minute.s of weak 
contractions 


♦In each case the proceCure was carried out at a temperature of 2S°-29° C. 
line, 100 nig-, in S c.c. volume, was perfused through the coronary system to produce camm^ 
arrest. 


♦Jacob Iv. Berman, M.D. 





Fipr. 2.—Lead II ECCJ tiMcInirs of qtiinidinc animals I-IV. In eacli casu, .1 Is a pre- 
operative, normal temperature tracing. 

Animal I shows the clTects of qtilnfdine In 2?. .a prolongation of Q-T interval and ele¬ 
vation of the T wave. *Vrrest ((7) is followed bv a complete heart block (f)) which ve.verted 
.spontaneously to a normal sinus rhythm (X7). Eli^ht minutes after restoration of circulation 
there was a normal sinus rhythm with a marked current of InJurj' (F). 

Animal II show.s the same pattern In .1. It, C. An idioventricular rhvthm with a current 
Uf injury {!)) was established after arrest. Atropine, kv. Vtr. 0 . wa.s Riven S minutes later with 
the e.stablislunent of a nonnal .sinu.s rhytlun (E). Due to poor tone. Adrenalin 1:1000. 1 c.c. 
was Riven 10 minutes after the atropine (F). 

Animal Ill shows the ‘'Iniury potcntml” at the QRS-ST jvmction (in. Arrest (C) was 
followed by a complete hentt block (D). This reverted to a normal sinus rliytlim In one 
minute {E) and, in 15 minutes, the T waves had become upriRht. 

Animal IV also .‘.how.s the “injurj' potential" In It. .Vrrest (C) wa.s followed bv an 
idioventricular rhythm originatinR above the bifurcation with an aiirirular siand'^till '(D) 
A normal sinus rliylhm wa.s established In 5 minutes (ff). P shows the pattern -13 minutes 
later after the chest was closed. 
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Table II. Acetylcholine and Magnesium Sulfate^ 


ANIMAL 

MgSO, 
(GM.) i 

now GIVKN 

KESULTS 

I 

2.0 

Given i.v. 7 minutes before 
ncetylclioliiie 

Normal rhythm followed by 
fibrillation in 25 min. 

II 

2.0 

Mixed with acetylcholine 

Fibrillation after 4 min. of 
massage 

III 

0.4 

Mixed with acetylcholine 

Fibrillation after 25 min. of 
massage 

lY 

0.25 

Mixed with acetylcholine 

Fibrillation after 1 min. of 
good beat 

V 

0.52 

Mixed with acetylcholine 

Fibrillation before release of 
inflow 

VI 

0.39 

Mixed with acetvlcholine 

Normal rhythm 

VII 

1.0 

Mixed with aeetylcholine 

Fibrillation after 4 min. of 
occlusion 

VIII 

2.0 

Given i.v. 7 minute.s before 
acetylcholine 

Fibrillation with massage 


‘Acetylcholine. 100 mg. in 8 c.c. volume, perfused into the coronar.v system in each ca.se 
to produce arrest. 


In 6 other animals inagnosium sulfate was perfused through the coronary 
system in a mixture with the acetj'lcholine, the amount varying from 0.25 Gm. 
to 2 Gm. In 4 eases, ventricular fibrillation occurred immediately upon return 
of circulation or before. In these animals, the hearts were defibrillated by the 
use of 2 to 3 c.e. of potassium chloride in a concentration of 1.33 mEq. per cubic 
centimeter perfused into the coronary .system. This was followed by an eciual 
volume of 5 per cent calcium gluconate. 1'his was successful in each attempt 
although the procedure had to lie repeated 3 or 4 times in some cases before 
a normal rhythm was obtained. In 2 of these hearts, there was a spontaneous 
revei’sion to fibrillation after a short period of relatively normal contractions. 

Acetylcholine with quinidine: In the third group of animals (Table III), 
quinidine gluconate was given preoperatively in an attempt to prevent fibril¬ 
lation. The same technique as described under “IMethod” was carried out 
except that the animal was given quinidine, 10 mg. per kilogram, intravenously 
before cooling was started. The quinidine was diluted to 10 c.e. volume with 
normal saline and was administered over a period oi‘ approximately 10 minutes. 


Table III. Acetylcholine and Quinidine Gluconatfa 


ANIMAL 

1 RESULTS 


I 

.Spontaneous normal rliythm 


II 

Spontaneous normal rhythm 


III 

Spontaneous normal rhythm 


IV 

Spontaneous normal rhythm 


V 

Ventricular fibrillation after Adrenalin 


VI 

Spontaneous normal rhythm 


VII 

Spontaneous normal rhythm 


IMII 

Spontaneous normal rhythm 



‘Quinidine, 10 mg. per kilogram, was given intravenously immediately prior to cooling 
in each case. Acetylcholine, 100 mg. in S c.c. volume, was u.sed to produce arrest. 


The animal was then cooled and the procedure completed using acetyleholme 
for cardiac arrest, which was maintained from 5 to 7 minutes. In each case, 
the heart maintained good tone during this period of arrest and in all but one 
animal resumption of normal rliji-thni was immediate upon the release of inflow 





\ o)uTi>e 35 
mber 4 


PRC^ENTION OF ^ EXTIUCI/TAR ilBRILLlTIO^ 


4S0 


In this {{loiii), iifjht lentnuilai i\ ill n.is jiuistd m 4 easts .is ,i stiiini 
his loi fihiill.itioii lEcnveiei, filinlintiim did not occiu Tii o ot those c.isis 
<itio])hiiie f;i J/nO 111 4 0 (■ \iihiiiK «.is im fused into th( (monin ststeiiiliL 
toio losumptiou ot iiifhiw This seeiiicd to gne a slightlj (iiiickei ittiiiu to 
1101 mat sinus rhythiii The aniiinls iii this gioup ueie ohsened fioni one das 
to one month postopei atis clj nith ictuiii ot iioiiiial ECG tiacings and giosslj 
1101 mat hehavioi in all lespects 

Figs 2 and 3 show the ECG tiacings of this gioiip of annuals except foi 
the case which ended in sentiuiilai fihi illation 

Acctykholwc iiith Jhstarh/I In a foiiith gioiip of annuals, the same tceh 
iiifiiie, as dcsciihcd iindee “Jlethod,” was caiiied out except that the aiitiliista 
mine, thoinlp3iainuie (Histadil Lilh), was used in eoniunetioii with the aectil 
choline (Table IV) 

TlIlLF IV \eFT\ICJIOIl\F isn Histuot' 



1 inSTADTL 

1 (MG/KG) 

HOU ri\EV j 

rtrsiJLTS 

50 

Inti'mnou«I\ pnor to acot^kl^ol^^c 

Noi nil rh4tlun 

50 

Mixotl with n<(*t3lcltoljnc 

Fibull itjon 

25 


Norm il rb\tluii 


•Acetjichohne 100 rnff/ICj? m S cc \olume ii<5cl to produce iirf*<it bj perfusion of 
coron'irj ’system 


A iioinial ilivthm was established following standstill in 2 cases In oik 
of these, 2 5 iiig pee kilogiaiii of Ilist.adjd was used in a mistuio with 100 mg 
of neetylcholnio peifuscd into the coionaiy system In the other ease, 3 mg 
per kilogiani of Histadyl was injected into the infeiioi \ena caia niimedi 
.itelv pi 101 to the adniinistntion of acetslcholine into the eoionau system 
Ill the third case, 5 mg pei kilogiaiii ot Histadil phis 100 mg of neefjl 
choline in the coronary system lesnlted in a complete flaccid st.iiulstill which 
would not leveit spontaneously to good contiactions with the icleaso of inflow 
ilassage was icquiied to suppoit the cnculatioii and this precipitated filnill.i 
tion In the 2 cases wheic a iioimal beat was oht.aiiiod the heait tone w is not 
as good as with the use of quinidine Also standstill was not ns complete and 
losiiinptioii of lieats was slowci thin m the giniip siil)]eeted to qiiinidiiie 


DISCUSSIOX 

Veiitiieiihir fihiillatioii is one of the chief complications oeciiiiing dining 
lijpotheiiiiia In mtiacaidiac smgciy with the use of ciidiae standstill, this 
occiii'S most fieqiiciitly when manual massage is leqiiiiod to lestoie the lient 
This IS due to the mechanical stimulation of the myocaidiiiin as well as to the 
change m pll and electrolytes Foi tins icason wo felt that if wo could pintcet 
the nivocaulium by a deincssant we could help ox oi come tins compheatiou 
The efteots of quinidino weic studied in 9 dogs iindci hypotheimin and 
caidiae aiiest and compaicd with a sciKS of 9 anim ils iiiidcr similii aiiest 
with aeetiIcholine alone, with a group oL & animals m winch depiessioii ot 
the myocaidiiim was attempted with magnesium sulfate and with a gioup of 
3 animals in w Inch Ilistady 1 w is used , 
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to tlie heart and withont massage. In one animal, although the heart resumed 
beating spontaneously after the relase of tourniquets and the clamp, the beats 
were weak, so one cubic centimeter of 1 ;1000 Adrenalin was given intrave¬ 
nously whereupon ventricular fibrillation occiua-ed. 



Pig-. 3.—^Leacl II ECG tracings of quinidine animals VI-IX. 

Aniinai VI shows the effects of quinidine (ZJ) followed by arrest (.G). A normal sinus 
rhytlnn was established immediately upon restoration of circulation (D). P shows the cir 
fects of atropine and 45 minutes later after these had disappeared (P). 

Animal VII shows the quinidine effect (B) and tire "injury potential" at 27° C. (G). 
Arrest (Zl) was followed by a normal sinus rhythm (ZJ). P shows the pattern one noui 
later after the chest was closed and the animal warmed to 32° C. 

Animal VIII shows the "injury potential” at 2S° C. fJJ). Arrest (C) was 
by a normal sinus rliythm (Z>). P shows the tracing 11 minutes after restoration 
circulation. 

Animal IX shows the "injury potential" at 29° C. (IS). Arrest (O) was 
a normal sinus rhythm (Z)). E shows the pattern 12 minutes later. P is the traci s 
after incision and repair of the right ventricular wall. 
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\umbet 4 

with tlio use of magnesium, hut that the htait uas piotcctcd hj^ qiiiiiiiliiie and 
Histadyl Of these 2 diugs, qumidmc appeals to be supeiioi although His 
tadjl ivas not used eatensiielj and dcscues fuithci stud^ Quinidiiie decicases 
the complications of hipotheimia 
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We have found, contrary to the tlieory that the niagnesiuiu ion is a cardiac 
depressant, that under hypothermia the irritability of the heart seems to he 
increased by the use of the magnesium and that it is not protective against 
ventricular fibrillation. AVith the use of magnesium, fibrillation occurred 
much sooner and with less stimulation than in the acetylcholine group. 

In most eases, fibrillation can be stopped by the use of potassium chloride 
and calcium gluconate injected in the coronary S 3 ^stcm. Good cardiac rhjdhni 
can usualh' be established although this is sometimes done with difficulty and a 
reversion to fibrillation is common. 

In the use of quinidine, one of the main advantages is that arrest in di¬ 
astole does not occur and the heart resumes regular rhythm without the use 
of manual massage which is one of the chief causes of fibrillation. Cardiac 
arrest is produced sooner and total arrest is maintained longer than with the 
use of acetjdcholine alone. This conservation of cardiac energy during oc¬ 
clusion is a factor in decreasing fibrillation. AVhen the factor of cardiotomy 
is added to those of hj'pothermia and arre.st. quiiiidine continues to be protec¬ 
tive. 

Although the work with the antihistamines has not been extensive enough 
for an.v conclusions, in the 3 eases where it was used the hearts did not respond 
as well as with the use of quinidine. The stand.still was less complete and 
rc.storation of normal rlLYthm was slower than with the use of quinidine. 



Fig-. 4 .—Percentage of dogrs in which flbriliation occurred subsequent to hj’pothermia 
and cardiac arrest induced by acetylcholine alone and acetylcholine used in combination witn 
magnesium sulfate, Histadyl, and quinidine. 

Fig. 4 shows the percentage of dogs in which fibrillation occurred sub¬ 
sequent to hjqjothermia and cardiac arrest in each of the 4 groups of animals 
we have studied. 

EGG tracings were taken of all animals in each group throughout the 
entire procedure. However, in the interest of bremtj' and the elimination of 
repetition, only the tracings of the quinidine group are shown. 

SUilM.ARY 

Cardiac arrest was produced in hjqmthermie dogs with aeetjdcholine 
alone and in combination with magnesium sulfate, quinidine, and Histadjd. 
It was found that the incidence of ventricular fibrillation was not decreased 
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posteriov aspect of the mural leaflet are engaged and avulsed. Upon completion 
of this procedure, a major regurgitant jet can be palpated in the region of the 
posterior commissure, thus simulating clinical mitral insufficiency. 



Ftg 1 —a\ rect?»ng\ilar seRment of perlc'xnljum Is exci^ti) for piepaidtion of Iho si ift 
A purse-stiins suture is pl'iced nrounil the b.isc of the left aiulcular appentlajje. anti .i 
Satinsky clamp is placed distal to it. 



Fig 2—4.. A rectangular segment of perlcaidlum measuring apj)roxlmatel\ t by 7 cm 
is secured, and tails are prepared 

2? and C, A piece of muscle is incorporated into the \al\e giaft to provide the Imllc md 
substance ncces'tary to tamponade the regurgitant Jet. 

n, upon completion, a vilve graft Is created vvlilch can he anchored at multiple points 
along Its base, is well as «it its apex * * 

Technique of licpair of Mitral Tnmfficicntq. —A pericnrtli. ‘rr 

first prepared for insertion (Fi^. 2). A rectangular scgnic i 



THE SURGICAL CORRECTION OP MITRAL INSUFFICIENCY BY USE 
OP A PERICARDIAL VALVE GRAFT 

Alvin A. Bakst, i\l.D., Scott ,1. Boley, M.D., Edward Josedii, jM.D., and 

Leo Loewe, IM.D. 

Brooklyn, N. Y. 

A SIIMPLE closed procedure has been developed to abolish a regurgitant 
lesion at the posterior eounnissure without impairing the fiuictional mobil¬ 
ity of the aortic leaflet. This has been accomidished effectively by the addition 
of a pericardial valve graft to the posterior half of the mural leaflet of the 
mitral valve. 


METHODS 


iMongrel dogs, weighing from 20 to 25 Kg., were anesthetized with intra¬ 
venous Pentothal sodium, after which a left thoracotomy incision was performed 
through the fifth intercostal space. IMitral incompetence was produced by re¬ 
secting the posterior ])ortion of the mural leaflet with a mastoid rongeur, after 
.which the chordae in this region were avulsed with a nerve hook. 

Initially, an attempt was made to jirepare a series of animals with severe 
chronic mitral insuffleieney for future surgical correction. However, production 
of a major mitral regurgitation Avas invariably attended by a mortality due to 
pvdmonary edema Avithin 12 to 24 hours. Only insignificant lesions could he 
produced Avith survival. 


The necessity for the immediate correction of the severe regurgitant lesion 
became apparent. The jiresent experiment, therefore, comprises a scries of 
animals in AAdiieh the creation of a significant mitral insufficiency Avas folloAved 
by the immediate insertion of a pericardial valve graft for its correction. Intra- 
cardiac pressures from the left atiaum and aorta, and an electrocardiogram 
Avere obtained before and after the creation of the mitral regurgitation, and 
again after its surgical correction. 

Technique of Creation of Mitral Insnfficicnc]]. —The pericardium is opened 
longitudinall.A^ and a purse-string suture is placed around the base of the left 
auricular appendage. A Satinskj’^ clamp is placed distal to it, after Avhich the 
appendage is opened and irrigated Avith saline (Pig. 3). The bare left index 
finger is inserted into the atrium, and the mitral A^alve area is explored. The 
posterior portion of the mural leaflet is resected Avith a mastoid rongeur passed 
transauricularly along the palpating finger. The rongeur is removed, and a 
nerve hook is similarly inti'oduced. Tlie chordae inserting into the residual 


Pi'Oiri the C-arfliovasoular Research Laboratoiy and the Udo AI. Roinach Carcho-Pul- 
monary Laboratory, The Jewish Hospital of Brooklyn, Brooklyn, N. Y. 
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located The first sutiiie® is placed to the light of the posteiioi dcseoiidiiig 
aitci\, into the left ^CIlt^lcle prst beneath the posteiioi toiumivsuie The 
siitiue tluii passes lietMcen the \al\e leaflets into the left atiiiini, and out 
thioiigli the .luiiculai appendage The end of tlie sntiiie is iiiimediateh at¬ 
tached to the toiiesponthng tail of the \al\e giatt The iie\t siituie is placed 
Ill the niiual leaflet anteiioi to the legiiigitant jtt at a point appiOMinateh 
iiiidiiai betiieen the tno coiiimissnies This sntiue is passed fioiii outside the 
heait pist beloM the coionaii lesscls, and is niimediateli angled iipiiaid to 
entei the lett atituiii at the 3 uiiction of the lalie leaflet with the annulus This 
sutuic, too, IS attached to the eoiiesponding tail ot the giaft A thud sutuie is 
siniilaih pi iced midwaj between the hist two (Fig 3) The hngei is then 


\ 



A B 

Fig- '■—1 The \ ihe praft is «nupge«l Into position "o that tht rej^ursilant iri.a N 
tamponaded 

B Same heart open dcmon«5lratin^ th<» ftn il placement of the tails uf thi. ffraft 

into the Nal\e leaflet and pipiUars mu cle 

placed into the left \entiicle against the postciioi papilhi\ muscle A sutuic 
IS passed into the left ^entllcle «il this site, and is guided hot\^cen the \ahc 
leaflets into the atiium (Fig 4) It is nithdiawii fioiu the duiiculai appendage, 
and attached to the tail of the ■'ahe giaft (Fig 5) Thepeiicaidi.il \.il\e gi.ift 
IS inseited into the atiium and is snugged into its piopei position b^ pulling 
on the appiopiiate sutuies The tails aic then anchoicd to the ^entllcula^ 
mjocaidium (Figs 6 and 7, A and B) 

In this f.ashion, a i.ahe giaft placed acioss the postciior poition of the 
mitial oiifiee can leplace a poition of a resected leaflet of the mitral ■vahe The 
biilkmess of the giaft immedmteh tampon ides the leguigitant let without m 
am wa\ inteifeimg with the mobility ot the aoitic leaflet 

•Premred h\ J V Dekmtel A Son Tnc Queena Mtlige I'^I'ind N Y 
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measuring approximately 4 by 7 cm., is secured. Tails are prepared so that the 
completed valve may be anchored along both its apex and base (Pig. 2, A). A 
piece of muscle is incorporated into the valve graft to provide the bulk and 
substance necessary to tamponade the regurgilant jet (Fig. 2, B and C). Upon 



Pis'. 3.—Tliu .suture is placed posteriorly into tlie loft ventricle just beneatli the 

posterior coniniissure. It is then pa.sseO between tlie valve leaflets into tlic atrium, and out 
throuffli the auricular ai)pen(laee. The second suture is placed anterior to the regurititant jet, 
from below tlie coronary ve.''Sels e.\tcriorIy, to the junction of the leaflet with the annulus inter¬ 
nally. Tlie third suture is similarly placed midway between the first two. 

Fifr. 4.—The suture is pas.sed into the po.sterior papillary muscle for in.sortion of the 
graft chordae. 



Fig. 5. Fig. C. 


Fig. 5.—The sutures are attached to tlie respective tails of the graft. 

Fig. 6.—The pericardial graft is inserted into the atrium and is snugged into its proper 
position by pulling on the appropriate sutures. 


completion, a valve graft i.s created which can ))o ancliored at multiple points 
along its base, as Avell as at its apex (Fig. 2, D). Tlie anchorage of the apex 
into the posterior papillar.v mu.scle serves as a chorda tendinea. The hare left 
index finger is again inserted into the atrium, and the po.sterior commissure is 
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FIff. 8.—Normal h ft atrial pres‘«ure tracing: taken prior to resection of tlte mural leaflet 
of the mitral valve. 

Fig-. 9.—Same, after production of mitral Insufflcleno* b>’ n“*ectIon of tiie jm.‘»terIor por¬ 
tion of the mural leaflet. Note marked elevation of C %\tt\e. 

Fig. 10.—Same, after insertion of pericardial \al\*e graft. Note coniplole reversion of 
pressure tracing to normal. 
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UKsuiyrs 

1. Period of Instruction. —Tlie first series oi‘ animals was prepared during 
tlie development of the tecliniqucs described, with no attempt at survival. 
Initially, the need for bulk in the graft Avas not appreciated and, in the first 
4 animals, a pericardial valve graft alone, Avithout enclosed muscle, Avas inserted. 
The regurgitant lesion remained uncontrolled, and pulmonary edema ensued in 
all. The placement of the posterior suture proved to be the next troublesome 
factor. It seemed that regardless of hoAV far posteriorly this .suture Avas placed, 
the most posterior portion of the mitral orifice could not bo tamponaded. This 
AAms finally solAmd by passing the suture to the right of the posterior descending 
arteiy, so that it A\'as actually passed into the left ventricle from the external 
a.speet of the right ventricle, through the intevA’cntricular septum. Several 
animals Avere lost initially, because the necessity for a ventricular tail to main¬ 
tain tlie position of the graft Avas unrecognized. "With e;ich ventricular .systole, 
the graft Avas herniated into the atriiuu Avithout. controlling the regurgitation. 

Finally, a group of 6 animals Avere pi'epared. Tavo Avere sacrificed at 6 
months, and 3 at 8 months. One died at 5 months of embolization. 

2. Physiologic Observations. —In all animals (Table I), after insufficiency 
Avas prodAicod, a t>T)ical regurgitant atria) prc.ssurc tracing Avas observed. Thei'e 
Avas an elevation of the atrial C waA-e (Fig. 9). After the A'alve graft Avas 
inserted, the regurgitant jet Avas abolished, Avith reversion of the atrial pressure 
tracing to normal (Fig.s. 8, 10). 


Table I. Left Heart Pressure at TuoitACOTOAtY Before and After Insertion op Graft 


• ■■ —’ -- 


LEFT ATRIUM 

PEAK OF 

i 



DOG NO. 

(-AIM. Ilg) 

C-V AA'AVE 

AORTA 

CO.M.MENTS 


No. 4 Initial 5-10 10 

After regurg. 10-35 37 

After correction 0-5 5 


gurgitant jet after inser¬ 
tion of graft 


7-10 


10 


No. 2 Initial 

After regurg. 
After correction 

No. 3 Initial 

After I'egurg. 
After correction 


No. 1 Initial 

After regurg. 
After correction 


No. 6A Initial 

After regurg. 
After correction 


10-30 

3-7 

30 

7 

C-10 

10 

10-30 

30 

5-10 

10 


5-S 

8 


5-25 

25 


0-5 

5 


5-10 

8 

120/50 

5-20 

20 

100/44 

5-20 

20 

90/40 


Good control of regurgitant 
jet 

Good correction of JH witli 
valve graft; minimal re¬ 
sidual jet j)alpalile at 
j)o.stcrior ahi)e('t of mitral 
orifice 

Eegurgitation Avell con¬ 
trolled l\v valve graft; 
minimal residual jet 
palpable 

Mitral regurgitation poorly 
repaired; a large jet was 
palpable postgraft; the 
graft was too small aim 
not bulky enough; animal 
died in 24 hours __ 


3. Pathologic Observations.—In 4 animals, 2 of Avhicli Avere sacrificed at 
6 and 8 months, respeetiA^ely, no regurgitation existed at time of sacrifice. 1 lese 
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two categoiics, tlie legmgitant let is found postciioib tinoiging fioin the 
legion of the posteiioi coniimssmc Iinaiiahh, i.ihulai coinpctcncc is main 
tamed antciioih 

Bailey'" belies es that iioiinalK, altlioiigU tlieie is a coiisidci able csecss of 
lahe leaflet foi coaptation antciioili, theie is leiv little such excess tissue 
posteiioih (Pig 12) This lel.itionship IS SOI lonsh altcied In the thiclcening, 
lolling, and shoi toning of the \alie leaflets and elioidae, caused In the iliou 
inatic infection The antciioi poitions ot both the iiiuial and septal leaflets, 
haling an excess of \alic tissue, seem to tolci itc this slioitonmg without loss 
ot competeneo Tlu postiiioi poitions of these leaflets, hoiieiti, haieh coapting 
in the noiinal state, aie lendeicd ineoinpeteiit In this pathologic jiioeess In 



B. Anttnor Co<nmis$ur« 
Mitrol InaufftCfney 



D. Poittnor Commtinjrt 
Mitrot IntufficiTwy 


Pip 12—Tilt. rtKuij,itHnt Jpt inx^TiiUK enierfics thiou^h Uie posti'rlor comitjlh^utc 
Note tlie uppaient tleflcicncy fn leifict ot the posterior poitlon of the miir il lo iflct Corn* 
Pirc to " I postoperati\ely 


tuitli, theic seems to he an actual dcfieicnci of lahiilai suhstance of the pos 
teiioi aspect ot the miiial leaflet, iiliieh mai he so siieie that onh a lesidiiil 
iini of ati opine tissue lemains The plix'siologie sequelae of the leguigitant 
lesion 1 Cl olio ahont the intiiascd biiidcn placed upon the lett iciitiiclc, which 
heeoiius dilated and Inpeitioiflned This is thin followed hj a secondaii 
dilatation of the mitial niimhis 

It would seem, theiefoie, that flic siugieal couection ol initial insnllicienei 
must he diiceted towaid the addition ot suhstance to the posteiioi poition of 
the deficient iniiial Icillct This x.ilxe substance must tamponade tbe icguigi- 
tant flow ot blood In cn.abling the posteiioi poitinn of tlu aoitie leaflet to coant 
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animals liad spent an active postoperative kennel existence. In eaeli, tlie graft 
had become adherent to the mitral valve, and completely replaced the resected 
portion of the leaflet. The base of the graft was entirely adherent to the 
annular attachment of the valve. The apical chorda was thickened and fibrotie. 
The graft seemed to have completely and effectively replaced the resected por¬ 
tion of the valve (Fig. 11). 

In one animal sacrificed after 6 months, although the major regurgitant 
jet had been abolished, a residual fine jet could still be palpated. In this animal 
the valve graft was found to bo in ])roper position, but the base was adherent 
only at its points of fixation. The regurgitant jet, palpated prior to sacrifice, 
had emerged between the points of fixation. Tliis finding led to the fixing of 
the base of the graft at four points in the ensuing experiments. 



Pig. 11.—Same dog. 8 months postoperative. The graft has completely replaced the re¬ 
sected portion of the mitral valve leaflet. The base is entirely adherent to the annular attacn- 
ment of the valve. The apical chorda is thickened and flbrotic. 

One animal died after 5 months, of peripheral embolization, including a 
terminal saddle embolus. Post-mortem examination revealed the base of the 
graft to have been avulsed at two points of fixation. The pericardial flap wa.s 
found in the ventricular chamber, fixed at its apical portion, and .surrounded 
by old and recent thrombus. This thronilnis wa.s the obvious source of tlie 
peripheral emboli. 

DISCUSSION 

Mitral insufficiency may imry in character as well as in degree. It may be 
a minor lesion associated with a predominant stenosis, the orifice of whieli is 
maintained by a thickened fibrous, or calcific ring. It may be considerably 
advanced, but still associated with moderate stenosis at the anterior commis¬ 
sure, or it may be the sole and major lesion of the mitral valve. In the latler 
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seems to igiioio the basic anatonne and pinsiologic liemod\namic aboiiatioii 
scon in initial legiugitation The tlind tipo of suigical attack leiohcs about 
n lecognition ot the piiiiian anatomic doficienci in initial insufflcieney, namely 
that of an absolute loss of i ah c substance 

Diiiing caidiotomy foi jiiedomiiiant initial stenosis associated nitli in 
siitliciencv, it has been iecogiii7cd that the legmgitaiit tet almost iniaiiably 
cmciges tliiongli the posteiioi commissiiic (Pig 13) Piopei plaeenient of the 
esploiing fingei iii tins iigioii can eftcetiieh tinipoiiidc the leguigitaiit jet 
as eMdeneed b\ a use in sisteiiiic piessiiie and an ineicase in the fullness ot 
the peiipbeial pulse This 1 let, couiilcd with the pathologic finding of an 
absolute deficienci of lahulii siibst.inec of the iiostciioi poition of the mtual 
leaflet, has led to the concept of tamponiding the leguigitatioii hi the piopei 
placement of a lalie giaft which would ndhtie to, and add suhst incc to, the 
atiopliie poition ot the imual leaflet 

Expciienee has deiiionstiatcd 111 it the inohiliti ot the aoitic oi septal 
leaflet cannot be impaiied This fact has led to the iiiei liable dciclopmoiit of 
a lahe giaft positioned to add siihstaiiee to the postciioi poition of the miiial 
leaflet, and thus effcctneh tamponade the icgingitnnt ict The opetation foi 
the niseition of the lahc giaft is simple, and pcimits the ntili/ation ot a closed 
techmciue The diagonal plaeomcnt of the giaft picients the fntiue deielop 
iiicnt of a stenosis of the oiifiee hi, at all times, cnsuinig full niobilUv of the 
SOI tic leaflet In all anim ils, the giaft is iiicoipoi itcd into the substance of the 
muial leaflet 

Undouhtcdli, with the ,idnnt of open hcait siiigoii, it will ho possible to 
position this lalio giaft with eien moic accuiaci 

SPMM \n\ 

A closed tecliiiKiue is desciihed foi the placement ot a iieiicaidnl lalio 
giaft into the oiifice of the initial lalic foi the eontiol of initial insiiflicienci 

The lalie tiiiiiponadis the legiiigitant gt in the icgion of the posteiioi 
coiiimissiiie, and adds substance to the dehiiint iioitioii of the posteiioi ispeet 
of the imudl leaflet 

The lahe is well toleiatcd, and Ins hcni imoipoiatcd into the suhst nice 
of the muial leaflet 

The lesults ot this cspciiimiit pistihcs the use ot tins techiiKpie ni patuiils 
with leguigitaiit lesions ot the initial \al\e 
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against it during ventrienlar systole. At the same time, it has become obvious 
that tlie mobility of the aoi-tie leaflet cannot be impaired without lethal conse¬ 
quences. 

There have been many previous attempts at the surgical correction of mitral 
insufficiency, starting with Murray, Wilkinson, and McKenzie,^ who first at¬ 
tempted to replace damaged cusps with vein grafts in 1938. Templeton and 
Gibbon,2 in 1949, next attempted to replace segments of the tricuspid valve 
with venous or pericardial grafts, using an open right atriotomy. Bailey and 
co-workers^- * attempted to occlude the regurgitant mitral orifice using a trans- 
ventricular pericardial sling intended to act as an intermittent ball valve during 
ventricular sj^stole. Johns and Blalock'^ reported this technique, but used a 



Fig. 13.— A, Normally, there is an excess of valve tissue for coaptation anteriorly. 

B, Rheumatic valvulitis is accepted anteriorly without regurgitation because of tlie 
excess of substance. 

C, Posteriorly, tlie valves barely coapt, and there is little overlap of tissue. 

D, Posteriorly, however, where there is little room for leeway, loss of valve substance 
leads to failure of coaptation of tlie leaflets. 

polyidnyl sponge prosthesis. Bailey and colleagues® next attempted to suture 
the posterior aspects of the mitral leaflets togetlier. This technique must have 
immobilized the aortic leaflet. Harken^ and Carter® and their associates in¬ 
serted plastic pi’ostheses into the ventricular chamber in an attempt to control 
the regurgitation in flutter-valve fashion. Glenn and co-workers® attempted to 
tamponade the regurgitant jet witli a transchamber, vertieallj' suspended, intra- 
cardiac graft. DaAula,^® on the other hand, has attempted to approach the 
problem from the reverse aspect of diminishing the size of the mitral orifice 
by use of a circumferential suture. 

It seems that the procedures devised fit into three categories. The first 
revolves around the development of a transventricular flutter-valve designed to 
occlude (intermittently) the regurgitant portion of tlie mitral orifice. The 
valves inserted have been pericardial or prosthetic. The pericardial grafts be¬ 
come thickened, fibrotie, and attenuated.^^ The foreign bodies become fibrotic 
and, in a short period, both become immobile and useless. The second consists 
of an attempt to diminish the circumference of the mitral orifice. This method 




B]:\If!X PnDUXCrLATBD, IXTRALUJIIXAB TU^rOKS 
OF TIIC i:b.OPHAOUS 

J’hii ip E Bfrn nz. It D , J Lu\Rt\CE Smith, Jt D , F IIimiy Eli is, .In , j\t B , 
vND Hom'vrd a Andfbspn, J[ D 
Rochestfr, 11i\n 

P olypoid, mtialnminal tiimois Yveie among tlie fiist benign esojihageal 
neoplasms to be deseiibed Despite then infieqnent appeaianec thej' aie 
of consideiable mteiest because of the sensational manner in ivliieli tbey niaj 
appear (by legnigitation of tbe giowth) and because, if untieated, tbey iiiaj 
icsnlt in death of the patient Yet they aic amenable to oiuatisc siugieal 
1 cmov.il 

Aecoiding to Haiungton,’ Snssins is ciedited iiitli one of the fiist iiectopsy 
desciiptions of an esophageal polip (IS.ih) In 1871, Coats desciibcd tbe 
nociopsy findings in a patient nlio died iiitli esophageal obstinotion seeoiidai} 
to iiliat he called an “intialuminal polypoid myxoma ” Ho noted tbe benign 
naUne of the lesion emphasized its nation band of attachment, and specn 
lated. about a possible ouie of such a condition by suigieal remoial The fact 
that these intialuminal esophageal tumors haie been diagnosed infiefiuently 
IS illustiated by a review by Totten and associates,' in 1973, iiheieiii it is noted 
that they neie able to find only 40 such cases leeoided in the liteiatuie The 
siuprismg appoaianco of the icguigitatcd tniiioi in the mouth of the patient 
occasionally facilitated the diagnosis Successful suigieal lemoial was fiist 
lecoided in the Ameiieau liteiatuie by' Vinson* in 1922 The patient iias the 
fiist of 6 who baie been seen and ticatcd bv opeiation at the Jlayo Cliiiie 
AVith the exception of 2 eases, all liaic been lepoited ineiiously in the liteis- 
ture * * The peitiiieiit elinical data in the 6 eases aie summaiized in Table I 
Reports ot the 2 most leceiit eases ol these unusual esojihageal tuiiiois cn 
counteied at the Clinic follow 


RFPOKT 01 cisrs 

Case 1 —5G oltl ui m ms first seen nt the Chine m 1951, it time he coni 

pinned of dvspliigiv of G months’ duntion with issotiited nnoroxm ind lo-ss of 48 pounds 
X riy examinations conilucte<l b\ his home physician had re\ ealcd dilation ot the 
esophagus, and esoph igoscopic examination had guen neglll^e result^ Gradiialljj the 
patient had experienced intermittent regurgitation and increased suhsternal distress on 
snallouing D\sphagja bee ime so se\tre that he had liad to he fed In tube for 2 Mceks 
AMien. the tube was remoM.d the pitient had little trouble with smllowing for G ^\eeks, but 
the sjmptomn of dxspUagn, ^ubsternal fullness, regurgitation, and ucaKue^s returned 

The patient’s medical lustorv and i reiieu of smiptoms contributed nothing of f?ig 
nificance 
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Pliysical examination re'ealed evidonce of nitich lo‘*s of neij^lit and mild edema of the 
loner extremitie«i; but otherwise no abnormalities •ncre noted. 

Laboratory' studies di'sclo'^ed a concentration ot hemoglobin of 11.4 Gm. per 100 c.c. 
of blood and leukocytes numbered 13,50U per cubic nulHmeter of blood nith ■'Ome shift to 
tho left noted on tlie differential blood smear. Urinalysis gave normal results. The '•edi* 
mentation rate of erythrocytes was o3 mm. in one hour (IVestergren method). X-ray exami¬ 
nation of the thoiax did not re\oal am almonuaUty. By means of contrast medium, the 
roentgenologist ob'-eived evidence of a large intraltiiiunal mass m the mid portion of the 
esophagus (Fig. 1). At tho tunc of esophago*«copic examination, a pe(luncnlate<l tumor was 
noted arising -just below the esophageal introUus from the posterior and right lateral walls 
of the esophagus TJic tumoi nas lobulatcd and extended down into the loner third of the 
esophagus. It was tho csophagoscopistS opiinoii that this was a large, pedunculated, intra¬ 
luminal fibroUpoma. 


r 



FlfT 1.—’‘Well-delineated intraluminal poijp of tlic e'-opliugus 

A cervical approach was used and the lesion, which measured 31 by 2 by 1.3 cm., was 
excised (Fig. 2). The pathologist reported the tumor to be a librolipoma (Fig. 3). The 
postoperative collr^c of this patient was nneventtul nnd follow-up studies showed that 0 
years* later he eoiitinue<l to be free of symptoms. 

Case 2.—A 24-ycar old woman was first seen at tho Clime in ilnreh, jlhla, at whidi time 
sho complained of piogressivo dysphagia of 13 months’ duration. Initially, in February, 
1954, slio had notetl only slight dilliculty in swallowing solid food which was niinimt/ocl by 
washing the food domi with liquids. In a few months, however, the dy-phagia had Iricro'isc*! 
and slio had sought the advirc of a i»liysician on two oernsjons. IVithout benefit of .x-ray 
examination, tho patient was told that her symptoms probably were due to increased nervous 
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tension.*' Soon she began to regurgitate much of the food slic su allow eel, so that by Feb¬ 
ruary, lf)55, her diet was limited to liquids. Medical aid was sought again and x-ray studies 
of her efeophagus, as well as an csophago^eopic exanunation, w'ore done with the resulting 
diagnosiis of cardiospasm. Dilation did not provide relief of her symptoms and sbe began 
to experience substernal fullne'»s ami aching when she swallowed. She had lost 10 pounds 
in il months. 

Tho medical historj' and a loview of symptoms contributed nothing, w’itli the exception 
of some emotional problems that were of sutttcient severity to require consultation with a 
psychiatrist. 

Physical examination at tho Clinic revealed a tense, pale young woman who had ob¬ 
viously lost some iveight, but no other abnormality w'as noteil. 



4 —Note the marked dilation of esophagu’* .as-ocluted with this IntraUinurml 

Routine laboratory studies dibcloijed a concentiation of hemoglobin of 11.7 (rin. per 
100 c.c. of blood; er\ throes les numbered 3,7-0,000 and leuhocytes (i.Um per cubic millimeter 
of blood with a normal diiTcrential count. The sedimentation rate of erythioeytes was 00 
mm. in one hour (Westergren). Serologic tests and routine urinah-is gave negative results. 
X-ray examination of the thorax revealed the lung Jlohl'. to be clear. Abnormality of the 
chest wall (peetua excavatum) was noted. X-ray studies of the C'^uphagus with contrast 
medium showed a Tiiarkc'lly dilated esophagus and the presence of an intrahimiii.il foreign 
body that measured lo by 7 cm. (Fig. 4). Cardiospasm was suggested by the roent¬ 
genologist. At the time of esophago«>copic examination (H. A. A.), a large, intra¬ 
luminal polyp was noted with an attachment arising from the posterior wall of the esopha¬ 
gus, about 10Vi inches from tho upper teeth. Fairly largo blood vessels wore noted on the 
surface of the tumor stalk. On Aiiril 2, 1955, a transpleural evcisjon of the lesion was ac- 
coniphshed thiough a right fifth interspace incision (P. H. E.). The tumor extended from 
its attiichiuent just above the level of the azygos vein to^jnst above the diaphragm. The 
esophagus was markedly dilated throughout this distance. The tumor measured 14 by 7 
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IMRVLUMl^AL TUMORS Or LSOPIIVGUS 
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1)} o cm Iht, inucotis nieinbrine ivas intact over the somewhat lobulated 'surface TMth the 
c\cei)tiou ol m iici of ulceration at the diital end of the tumor (Fij;; 5) Ihe micro 
scopic ch iracti I ot tlie tumor la shown, m Tig (» 

Iho j)iticnt\ carl^ postupcritixc lourse wiis tonixiliLalL 1 b} enteritis iluo to 
(ocdti pi/ot/riir^, wliuli rospomlod quu 11\ to oi\tliromM.m thtraii} She lud no (linicult\ 
sw illonin^ ^4 1} stmlics ot the C'^ojihagus Z wicks iftci operation sliov\cd the osoiiha^cil 
dll ition to pcisi'st, with sumo del of barium at the caophagngistric junction Studies of 
C'-ojih igeal inotiUts showed th vt the gistrocaopUagcal junction d region filled to partici 
pato in tlio swillowing reflc\ and also showed failure ot the jinmari peristaltic wa\c 
Methueholino chloride (Mecholjl) injectcl snbcutaneonslj did not elciate the intraluminal 
pressure of tho esophagus It was impossible to conclude definitelj whether this patient 
hid priman achalasia also, or whether these findings weie all due to prolonged c&ophngeal 
dilation and operative trauma 

For 5 mouths the patient ate normallj and during this period she glined 20 pound*^ 
In October, 19oo, sho again noted the onset of djsphagia and regurgitation similar to her 
preoperati\o sjmptoms She was ro examined and roentgenograms of the esophagus showel 
OMdenco of some dilation but \erj little delaj of barium at the esophagogastric junction 
Repeat studies of esophageal niotihtj showed tlio eardia to be nonfunctioning and incom 
petent, and, m comparison to the prenous studies, suggested a “muscular or nervous” 
degeneration of the esophagus with changes too extensive to be accounted for In the 
operation L«ophagoscopj revealed the lower portion of the e-sophagus to bo atonic with 
rodundancj of the esophaged mucosa V sound, sire 50 Jr, was passed into the sfomacli 
without lilbcultv 

In Februan, 1057, tins patient reported her liealth to lie good and she no longer suf 
teied from dvsphagia 


hTIOLOGIC \SPECTS 

It hns been pioposed that m mcw of the usual high mullino ougm of these 
stiango esophageal lesions they may icpiosent a cleselopment il anomaly of one 
of the hianehial aiehes® Tlieic is little suppoit foi sneli eonjeetnio Piac 
tieally speaking, with some piolifeiatioii of tissue in the loose subnincosal 
aiea of the pioMiiial esophagus, one can visualize how the piopulsno ino\e 
ments of swallowing could play a significant lole in the dc\tlopinent of these 
tumois Tiom the available gioss and histologic evidence, it seems most lea 
sonablo to inelude these lesions as tuie neoplasms lathei than nnnsual infiam 
matory leaetions 


pvTiioiooic rl^m^<ls 

Pathologically, these tumois compiise a somewhat hctciogenous gioup 
This IS appaient fiom the vancty of pithologic teiiiis employed in the litei i 
tiuo to classify these unusual lesions, including fihioinas, lipomas, myvoiuas, 
leiomyomas, myomas and vaiions comhiiiatioiis of these terms Giosslj, the 
lesions aie all elongated to some dcgiee, picsnmably because of the molding 
effect of the esophageal wall The sinfacc of the tunioi may he iiiegulai and 
lobulated, and occasionally it is distinctly a multilohed stiaicfnic aiising fiom 
a common pedicle Multiple tumovs have heeii found to occni iii the same 
patient^ The mueous membi.ine of squamous opitlielnim is usually' intact 
ovei tho suifaee of the tumoi Ulcciation of the suifaee may octiii secondaiy 
to the tiauma of swallowed food, oi as a icsult of peptic digestion of the distal 
end of the growth which may piotiudc thiough the taidia Aficioseopically 
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Fig G —Intel mixture of fatt\ tissue and flbi ous sti oma typical of benign intraluminal 
esophageal poljps (hematoxylin and eosin, xlOO). 




''ol..me3; INTKVLUMIXVL TUAtOBS OF E‘'OPHAGlJS oil 

Number 4 

^\as used in one case in this sciics. However, vessels in the pedicle may pie- 
sent pioblems of hemostasis and it would seem move reasonable to approach 
this usual site of attachment of the pedicle more diiectly thiough a ceivical 
incision Occasionally the attachment will be in the thoracic poition of the 
esophagus and, depending on the level, an appioaeh thiough either the light 
or left pleural space should peimit easy iemo\al of the intraluiniiial tiiiiior. 

PROGNOSIS 

Without a diagnosis and lenioval many poisons having these benign intia- 
luminal tumors base died fiom complications owing to the lesion. Totten and 
associates noled that of 40 patients liacing such giowths, a tliiid died as a 
direct or indirect lesiilt of the tiimoi and in most cases the diagnosis was in 
coviect Complete icspiiatoiy obstiuction at the laryngeal Iciel may be pro¬ 
duced by icgiiigitation of the mass Chionie esophageal obstiuction with dila¬ 
tion of the lumen can bo associated with intcimitteiit aspiiation of esophageal 
contents and pneumonitis, bi onchiectasis pulmonary abscess or other serious 
suppui.athe complications 

With suigical lemoial of the giowth. one would espect complete relief 
of symptoms This has been tiiic in a maioiitj of patients but some have con¬ 
tinued to Imio symptoms ielated to esophageal dysfunction The dilated 
esophagus may not assume noimal piopoitions. ns illiistinted in the ease of the 
most leecnt patient in this sciies This young woman eimtinued to eomplain 
of intoimitteiit dysphagia and iegurgitation. and \-iay studies loicalcd pei- 
sistent, modoiate dilation of the esophagus without much delay in tiansit of 
the haiium at the csopliagogastiie pinetuic .Studies of esophageal motility ro- 
I cak'd some chaiacteiistics ot caidiospasm hut those weif not sufificiontly ty'pi- 
cal to he diagnostic One could eoiijoctuic n secoiidniy dcgciieiation of myeii- 
teiic plexuses fioiii tlie piolongcd esophageal dilation, or a piiniaiy achalasia 
as an associated condition XJufoitunatch' .1 poitii 11 of the esophageal wall of 
this patient w as not lemos cd for study .She cortiiiiied to has 0 dysphagia and 
occasional legnigitation, repeated studies of rsojihagcal motility a few months 
later rescaled esen nunc .ilmoimalities of function and suggested a “piogics- 
•sivo muscular 01 iienoiis dcgcnciatioii ” It is imssihio that ii leveixihle 
changes in the wall of the esophagus oteiirud with its piolongcd dilation 
Coder and associates' icpoitcd that caidiospasm is not uncommonly asso¬ 
ciated with long iiitialiiniiiial tiimoix Studies of esophageal motility do not 
suppoit such a coincidence and we would suspect these patients to ha\c piob- 
lems similar to those of the patient dcsciihcd in the second case repoitcd 
heieni 


SPMAICBV 

Benign intraluminal csophage.il tumoi-s may lesult in disti cssiiig symptoms 
for the patient and can picsent peipicxing diagnostic pioblems for the physi¬ 
cian X-ray and csoph.igoscopic examiimtions may piecisely' delineate the 
ongin and extent ot the lesion and suigieal lemoval tan he accomplished with 



BEKXATZ, SMITH, ELLIS, ANDEESEN 


J. Tlioracic Sur^. 
April, 1958 


r)io 


these tumors present a mixture of loose, fibrous tissue associated witli myx¬ 
omatous and fatty changes. Inflammatory reaction may be evident in tlie vi¬ 
cinity of surface ulceration. It Avould seem most descriptive and convenient 
to designate the group histologicallj'' as fibrolipomas. 

OiaXIO.in M.W'IKKST.VTIOXS 

The commonest clinical manifestations of these intraluminal, polypoid 
growths result from obstruction of the lumen of the esophagus. Dysphagia, 
regurgitation and vomiting may be intermittent, but the reduction in intake 
of food is such that significant loss of weight usually occurs. The average loss 
in this series of patients ivas 25 pounds, hlost of the patients complained of 
substernal distress of some type. An uncomfoilable feeling of substernal full¬ 
ness is a common complaint, but some patients describe pain very suggestive 
of angina. Respiratory symptoms, consisting of cough, dyspnea, recurrent 
infection and even hemoptysis, may arise as a result of as])iration of esoifiuigcal 
contents or compression of the tracheobronchial tree. Ulceration of the sur¬ 
face of the tumor may manifest itself in melena or hematemesis. The most 
dramatic evidence of the lesion is its appeai-ancc in the patient’s mouth with 
coughing or rogurgitatioii. 

Dl.UiXOSIS 

As a group, these patients have presented perplexing diagnostic prob¬ 
lems. The liistoiy may l)e only suggestive, or it niay be diagnostic with the 
story of a regurgitated tumor on one or more occasions. This was true in 4 of 
the 6 patients in this grou]). A roentgenogram of the thorax may exhibit 
widening of the mediastinal shadow as a result of the tumor and associated 
dilation of the esophagus. Ingested barium may divide at the level of the mass 
and delineate its borders ])recisely. Along with this evidence the roentgenolo¬ 
gist may then note movement of the tumor and irregularities of the peristaltic 
wave above tlie tumor at tlie level of attachment of the pedicle. Occasionall.v 
the esophagus may be greatly dilated and the intraluminal tumor can be mis¬ 
taken for a large foreign body. This is illustrated by the fact that 4 of the 6 
patients in this series were thought to have cardiospasm. 

Esophagoscopy may be the most precise means of diagnosis. Some of our 
patients, as well as many of those Avhose cases arc reported in the literature, 
had undergone this procedure on more than one occasion. The growth Avas 
overlooked because the examiner Avas misled by the intact mucous meml)rane 
over the intraluminal tumor. The endoscopist may first discover the tumor at 
its distal end. The remainder of the tumor, its pedicle and attachment may 
then be visualized by npproprmie maneuvers. 

tkeatm}!:nt 

The indicated treatment is surgical removal. These tumors have been 
excised by oral, cervical, and thoracic approaches. The oral route may be teeh- 
nicaily feasible if the tumor can be delivered into the mouth; this approach 



IVAIjON graft to bridge coronary artery occlusion 

Fhankwn R. Smith, M D , Ph.D. in Suimicky,* and David SIcIntybc, B.S. '' 

SnATTLB, Wash. 


I N one hundred consecutive autopsy specimens ivc found that the majority o£ 
patients who die of coronary heart disease have a short intraluminal ob¬ 
struction near the origin of a major artery. The artery distal to the occlusion 
is frequently suffieiently free of compromise of lumen to supply adequately 
enough blood flow to nourish tiie myocardium. The ideal surgical attach on 
this problem would be to open the coronary artery at the point of obstruction, 
ream out the atherosclerotic block, and close the incision. However, currently, 
the small size of the vessel and the technical problems involved militate against 
this direct approach, enticing though it is. Further, if the obstruction is com¬ 
plete, death of periplieral myocardium would make such an endarterectomy of 
little or no use to the infareted area. Also, atherosclerosis is not generally 
confined to a solitary coronary artery hut is a generalized process and further 
obstruction can occur subsequently in another arterj'. 

Many other methods of revascularization have been suggested. In our 
bands the most promising fcelmiquo is cardiopneiimopesy, developed in this 
laboratory, a desirably simple procedure with a low moitahty I'ate equal to 
only 6 inontlis of medical treatment. This method consists of wide incision 
of the pericardial sac, phenol epieardiolysis, ligiit a.sbestos pond rage and sutur¬ 
ing the lung to the myocardium or inner .surface of the .adjacent pericardinm.v - 
Over the past 5 years we have studied this procedure extensively utilizing 187 
dogs and have employed it clinically 21 times with encouraging results. How¬ 
ever, it is no panacea, but a valuable adjunct to existing medical therapy for 
coronary heart disease. Purtliermore, a minimmu of another 10 years of clini¬ 
cal observation is necessary before final conclusions as to its efficacy can be 
drawn. 

Ill an experimental effort to attack this problem of coronary oechisimi in 
more direct fashion, we proposed an Ivalon graft as a shunt betucen tlie left 
.subclavian artery and a coronary artery beyond the point of an acute obstruc¬ 
tion. 


TECHNIQUE 

In this procedure the left elicst wall is opened by posterolateral incision 
through the fourth interspace. The pericardium is opened widely and the 

This research carried out under a grant of the WanhlnKton Stnte Heart A‘<«ocla- 
tlon. The research iabonatones of the Seattle Veteians Administration Ho^pltil uere usetl 
for the experiments. 

Presented to Interim Session of American College of Chest Pli>«lcians, No^enjber 21, 
1956, Seattle. "Wash 

deceived for publication July 24, 1937. 

•Clinical Associate—University of Washington, School of Medicine, Department of 
Svirgery. 

••Rc‘5C\rch AsslstanL 
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minimal risk. With excision of the growth, comiilete relief of symptoms is 
usually attained, but derangement of esophageal function may prevent a com¬ 
pletely satisfactory result for the patient. 
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yni™!> &i!vrr poll coKONUiy MiTrni occiusiox -,ir, 

oC anastomosis ot gia£t to coiotian aiteij This obstacle Mas piesciit in each 
instance in spite of the use ot hepaini at the time of suigeii The adiisabilitv 
ot using inoie piolongetl anticoagulant theiapv, cmploMiig eithei hcpaiin ot 
Dieumniol, M.is coiiskIci ed hiit uiectcil 

Aitmlh a highei poicentage ot dogs sunned this piotedtiie tlian in 
0111 contiol seiRs in mIikIi .1 out o[ 4 dogs siictnmbtd to ligation of the left 
intcnoi coion.iii aitciy'’ 


'4 



tiif 2 —Tins depicts tiic fcraft in situ The left nnteiior dc«ecrnlinf? coromo arteij 
IS Ugnte I 'sccurelj proKinnil to the nnaatoniosis to prothue icute corontn ocvlus.lon of 

'substivntnl dimensions m i hint not jxKen the 'iiUiniipo of pr uU>’\U> de\elopins: 
inotic ch 4nnoIs 


MATERIAL 

U.ilon IS a poljMiijl sponge louml to be biologie.iliv meit and, Mlmn im¬ 
planted in tissue, IS lapidh iinaded In a noinnhammatoij tM>o ot hhions 
tissue Isalon is foimcd b\ baidemng foamul poKsinjl alcohol with foimalde 
lij de 

Piepaiatioii ot the Iialoti giaft lias been staiidaidiml in thi,s laboiatoij 
Iialon siiigical sponge is supplied tomiiieicialh sealed in a plastic him hag 
with a small amount ot gljeeiol (lijgioscopic agent) mid a tiacc ot the ioiinal- 
dehjde that was used in pohiiieii/ation Beloie use it must be thoioughli 
washed fiee of these contaminants This may be done bj leining m miming 
tap watei foi scieial houis oi In imsiiig and wiinging 30 to 50 times 

Attei thoiougbly washing it has been oui ])iactice to allow the s])onge to 
an dll foi scseia! da\s, aftci which time it is ipute iigid Foi tins paitienlai 
use we cut the sponge into slabs that iiieasiue some y{<; inch thick when wet 
The slabs aie scissoi cut into stiiiis the length of the sponge and y_, inch wide 
Attei soaking in waiiii watei, these stiips aie leadj foi tahiiiation 

To adapt the giafts to the wide sanations in aiiatoiin the' aie made into 
a tube that tapeis fiom )s inch to 7t.-i meli m 2',A iiiclics and then icmains 
constant foi 1Y> inches The wall thickness is a)ipio\imateh of an inch 
Tins configniation is obtained bj wiapping the stiijis in a spn.vl aioiind a 
polished biass fmm, eompicssing the Isaloii with a llOOG inch stiip of poljMiisl 
him twice, and fi\nig the Ivalon with heat (boiling water). 
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subcluviaii artevy isolated in tlic neck. The lol't anterior deseendini; eoinaai'y 
artery is elevated fi’oiii its iied. The subclavian arlery is severed lief ween 
patent duelns elanips, the distal end doubly lif^aled, and the proximal end 
anastomosed to the larf,n‘ end oJ' the tapered Ivalon “rart. 'J'hen with a scalpel, 
a nick is made in the eoi-onaiy arlery. 'J'lie smaller end of the fi'rat't is inserted 
distally and fixed in jiosition by a sinii)le silk lip:atnre. 'J’ho eoi’onary artery 
is then tied otl' proxiinad the ana.stomosis (Kij;-. 2). The iniif^ is exi)anded and 
the chest closed in the usual I’a-shion. 


End-to-end suture of 



1 .—TJUh HUutch tloiuiU'S th<i view* ol’ Ihv lioait obtiiliiad UuoukIi u lt*ri poKloio- 
jnclKion UiiouKh tba fouiUi JntarMwice. Ona run nrt* Uii‘ ,sborl h‘fl coioimry mi lory 

with ItH two Jnujor brunchoH, tiio loft untoiior (lortcumllUH: nial Uu* (‘Irouinflox urtorloH. 'i lu‘«o 

ixyn roaOlly visible M'Uou tbo aurlolo Ih elovatoh. In thin jatrlloular U‘(*l»nl(|Uo the .subelavinn 
artory in ('((‘unly hoparuted from Ita aiit roiiialina^ In Iho and Hovoiod botwoon 

fjatent ductiiw chimps. Th<* dlwtal <*nd Ih <loubly tied and parfidltod l<j r<*trM<‘l into tlio tava. 
'JMic proximal and Ik anuHtomoMcd ond-lo-ciul to tbo lar^o ond of tlu‘ Ivulon arafl. Tbo loft 
anterior tU-xoarnUmr coronary artory 1« then elevated from Uh lied imd cleaned over a 

dlHtance of upj)roAlmatt*lv l.ri etn. and u tran.sverMo aide madt‘ In It on tip* anterior aurfiue 

for introduction of tlm uIhIhI end of tbo Kraft. 


A veiy nscrul instrument, develo]>ed l)y one oJ' the authors (D. i\l.), has 
been found to be of eonsidei-able liel]) in introdneiiifj' the distal <'nd of tin' Ivalon 
fiml't info the very small-bore coronary art(‘ry (I'd”;. 1). It has the advantafto 
of holding the coronary aidery wide open and permiltinp; i-apid introdnclion 
of the ”ral't. 


Jn tliis scj'ies we oi)erated on 18 do"s. The (ii'st .5 ilotts constituted ell'orts to 
evolve a teehniciue and actually are not considered a ])art of the ])rcsenl sta- 
Usties. Of the next l.'l dof's, on whom the .standardized procedure was used, 7 
or approximately one half died the day of siiriieiy, ifenerally fi’om ventricular 
fibrillation wlicn the left anterior tiescendiii”- eoi-oimry aitery wms tied. 'I'lie 
reinaindei- were .saci'ifieed -1 to 10 w'eeUs later. In -1 of tlie.se there was evidence 
of at least snliendoeardial infarction and, in .some instances, more extensive 
infarction of the myoeardinni. The Ivalon f^i'afl usually Avas jiatenl and con¬ 
tained at tJie most some jelly-like material. In only one instance was there 
obstruction by thrombus of the subclavian ai’teiy-Ivalon {'nil'l anastomosis, 
it was the ini]n'essio)i of the inve.stigators that the jiroblem in this tecliiii(|uc 
is to get blood to flow tlirough the iieripliernl myocardial field, beyond the I'oi'it 



PULIIONARY ARTERIOVENOUS PISTUEA ASSOCIATED AVITH 
CAPILLARY TELANGIECTASIA (RENDU-OSLER-AVBBER DISEASE) ■ 

REPORT OP A CASE ILLUSTRATING USE OP JIETAL CASTING 
FOR DEMONSTRATING THE LESION 

Isit.\EL Steinbekg, JI D , Bebnard Maisee, M.D., and P. Stephen Vooee, M.D. 
New York, N. Y. 

P ULilONARY' arteriovenous fistulas are congenital heniaiigioniatoiis mal¬ 
formations of the pulmonaiy vascular bed. In recent yeais, a close relation¬ 
ship between capillary telangieetasia (Rendu-Osler-AVeber disease) and pul¬ 
monary arteriovenous fistulas has been recognized. In a series of 1C cn.ses of 
pulmonary arteriovenous fistulas studied at The New York Hospital, 6 patients 
(38 per cent) had charaeteristie mucosal and shin lesions of Rendu-Osler-AVeber 
disease.'’' In addition, 2 patients in the series, althougli without capillary 
hemangioma, gave a history of such lesions in members of the family. 

In 1952, a method of preparing metallic casts of anatomic specimens was 
described' Essentially it consists of the pouring of a low melting point fusible 
metal into an anatomic specimen, allowing it to harden and then digesting the 
tissue with strong alkali. Pulmonaiy arteriovenous fistulas, being vascular 
malformations with afferent pulmonary arteries and efferent pulmonary veins, 
are admirably suited for such studies; particularly, because their gross anatomic 
features provide more information about the disease than does histologic 
study.' Since 19.53, a total of seven exeised pulmonary arteriovenous fistulas, 
three segmental and four lobar, were studied after casting. Six of the eases 
«ith casts of the operative .specimen were jircviously reported'’ ; the sixteenth 
patient with a pulmonary arteriovenous fistula and the seventli, with study of 
the specimen after casting, had disabling epistaxis due to nasal capillaiy telan¬ 
giectases and is herein recorded. 


CASE REPORT 

A 46 year old butcher (N, Y. H. JTo. 762570) was atlmitted to the !io<?pital on ifarch 
17, 1D57, ^\ith chief complaint of nosebleeds. E\or sinte childhood the patient had had 
epista\i9. At first the-'C occurred about once a month but in the past jear they had 

From the Departments of Radiology, Medicine, Surgery and Patholosy, The Xew York 
Hospital-Cornell Sfedical Center 

Aided by a grant from the Mallinckrodt Chemical Worka. 

Recei\eil for publication July 26, 1S57. 
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We use one 10-incIi length of 0.006 by i/o inch poly\unyl film for each 
graft and one 8 i/ 2 -iiich strip of Ivalon, inch thick and inch wide. 

Some silicone-lined grafts were prepared l)nt these seemed to be of no 
greater value than the standard gi'aft. 

SUMM.\KY 

In ail effort directly to attack the atherosclerotic intraluminal obstruction 
in coronary occlusion we have investigated the use of a tapered Ivalon graft, 
shunting blood from the left subclavian artery to the left anterior descending 
coronary artery distal to a complete acute obstruction. More dogs have lived 
following this procedure than in the control series of ligations. Nevertheless, 
in none of these dogs was circulation through the graft maintained for any 
great length of time. The problem of anastomosis of grafts to small-bore 
arteries has not been solved as yet. 

At this stage we feel that an Ivalon graft to bridge such a block is not 
a clinically feasible solution to coronary aiTery obstruction and that eardio- 
pneumopexy is a more successful and desii’able procedure. Furthermore, 
coronary disease is multieentric and further occlusions could occur in another 
artery. However, we hope that eventually direct attack on the obstruction 
with removal of the atherosclerotic plaque will be possible to aid those patients 
with an incomplete block and in whom the myocardium supplied by tliat ves¬ 
sel is intact as yet. This series is inteirded as a steppingstone toward that 
goal. 
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Fig. 2V. —Lateral roenlKenopram locates the lesion to be in the anterior segment of the right 
lower lobe (arrow). 
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become more frequent, uhnuiiy being ahHOciafed with the loh.s of “iiboiit a eiip’' of 
blood, racking and eautejy of tlie none had nimled I ho bleeding a( fii-Hl but, recently, 
tli(‘.se meaKureh had failed. 

Seventeen years prior to admih.sion, tlie paticiit had had a routine loenlgenogram 
of the clie.st aftei (mlislment in the Katiomil (luaid, and ulimi a "spot” ua.s found in 
the right lung, the military .service was termiiiated. Since then frequent x-ray studies 
of the chest had been made and the lesion hud lemained unchanged. At one time 
e.\])loratory thoracotomy had been recommended but had been declined by the patient 
because symptoms referable to the lo.spiialory system weie absent. 'J’he jiatient’s father 
had died at the age of 8(1 years, cause unknown. Ills mother, age 7-1 years, was still 
alive and she, S siblings, and several cousins had had ejiisluxis. 

On physical e.xamination the patient was pale, well develojied and nourished. 'I'hme 
was no cyanosis or clubbing of the fingers. .Scattered small clusters of chetry icd 
angiomata wcje seen over the face and trunk. 'J’he nose I'ontained crusted blood and 
capillary angiomata; a few (less than 1 iniii.) cajiillary angiomata weie ])iesent ovei 
the nose and cheeks, 'i’he tongue (Fig. 1) also contained many angiomata. 'J’he blood 
pressure \\as l.oO/SO mm. ]Ig; the heait was regular and theie weie no nuiimiiis. A loud 
systolic bruit was heaid at the lower end of the light anterior chest; othoiwise, the 
evamination was normal. 



Fig-. 1.—Photograph showing scattered caplllur.v hemangiomata of the tongue chanicteH.stlc 

of Xiendu-Osler-Weber disease. 

Laboiatory data jevealed secondary anemia with hemoglobin 9.8 Gm. per 100 c.c.; 
hematocrit, 20 per cent; bleeding and clotting times were normal. A roentgenogiam 
of the chest (J'’ig. 2) showed a normal-sized heart. An oval ‘1..'3 by 2..'5 cm. mass with 
intimate relations to the v.ascular structures of the right hiJus was seen at the right base. 
'I’he lateial view (Fig. 271) localized the lesion in tlie nntorior segment of the right 
lower lobe. Angiocardiography (Fig. 3) clearly cstablislied the diagnosis of pulmonary 
arteriovenous listula involving the anterior basilar segment of the right lower lohe. 
'I’l eatment of the hemangiomata of the nasal mucous membrane by cauterization was 
followed by cessation of epistaxis. After transfusion, on Aiurcli 22, 1957, scgmontnl 
resection of the anterior segment of the right lower lobe containing the artoiiovenous 
fistula was performed. A low molting point alloy cast of the .specimen was made (Fig. 
4). 'I’lie patient was improved, and was dischaiged on Maich .31, 19.57. Since then, lo- 
currence of epistaxis, despite treatment with tostosleione, inicking, ami x-radiation to 
the nasal mucosa, resulted in rcadmissions on April 9 and May 13, 1957, 
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COMMENT 

Excision of a pnlmonary arteriovenous fistnl.i, once the diagnosis is es- 
talilislied, is advisal)le even in tlic absence of respiratoiy eoinpliiints This is 
bce.iiise of tlie liigh incidence of bnun al)seess, cerehial tlnomliosis, and fatal 
hemoptysis m such patients. The risk from complications is f.ir greater tlian 
tile mortality and morbidity of lobectomy or segmental lung resection.' - 
xV glance at the cast of the pnlmonary arteriovenous fistula made from 
the excised segment of the right lower lobe readily reveals tlie complexity of 
such lesions (see Fig. -1) Pulmonary artciiovenous fistulas are not meiely 
communications between an afferent end pulmonary artery and vein. Rather, 



Pip 4—Vlloj cast of pulnionarj arterlo\enous flsttil t. £.e?/f, Anteroposterior liioht, 

Postejoanterlor \ie\v \ is the pulmonny artery, V, the \ein 

thej- aie intricate lesions with centrally dilated paper-thin globular connec¬ 
tions that frequently involve the entire blood supply of the lobe or segment. 
In addition, arterial and venous oommunications fiom neighboring eliest nail, 
hronchns, or lung may occur. Indeed, the rich admixture of oxygen.ited blood 
from the bronchial arteries or pulmonary veins may pievent develoiniient of 
cyanosis.’’ “ 

Normally, the intact pulmonary capillary bed acts as a sieve and noxious 
agents, especially bacterial, arc prevented from leaching the .systemic blood 
supply In the presence of vight-to-laft shinitiiig of blood that occius with 
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HA —Fiontjil toleoanKlocai(liog^tam. nmOo 2V; Hooonds .iftei the b(*ain»iinK of iajeollun, 
levoalH Iho uffoicnt ijulinonaiy attciUit blood .vupjdy to the iNtiila (arrow) 




SOMi: PROBLn-\lS IN EXTRAPLEliRAL PNEU3IONECTOJIY FOR 
TUBERCULOUS E'ilPVBJIA AND DESTROY ED LUNO 
T \KESin Ok wo, AI D , \ND H vriu E W vlkui-, AI D 
Otpen N C 

T he dcstro'\cd hiiis, due to tobeitulosis complicated b\ impicina, has bein 
an age old piobkm Estlaiidei, in 1879, and Schede, in 1890 attacked the 
paiietal poition of the empjema while Fowlci and DcIoiiiil coiitiiliuted to the 
viseeial poition of empyema suigcn Evpciicnce gained dining Woild AVar 
II inaiked anothei step in the smgical tieatuicnt ot cmpscina, that of visccial 
decoitieation and carls expansion ot the nndeihing lung Aloie lecently the 
conibinod pioceduie of excision ot the empicnn sac and the iindcihiiig diseased 
lung tluough the extnplounl plane has hecn the method of attack in these 
problems ‘ Contralateial pulinoiian disease, deeicascd pulmonan fuiietion, 
lesistanee of the tubeiolc bacilli to aiititubciculoiis dings, and the immeasurable 
immunologic status all contribute in the response of the patient to anj given 
icgiiiien of ticitment Those patients coming to extiapleiiial pncumonectomv 
and (xcision of the cmpvema 'in toto” aie a ehosiii few On the other hand, 
mam patients have been denied such difiniliie thuapi because of complicatioiis 
arising dniing piolonged piepiiation oi because ol lefnsil to iceept smgon 
A stndv of those p itioiits iiiuhigoing pleniopiienmonectoim as dehnitivc 
theiapv was nndeitaken This papci isdiiecled (1) to evaluate whetliei the ex 
tensive opeiativc pioccdnic of plcuiopneniiioiieetomv in (omplicated piiliiionaiv 
tubcieulosis vielded a sufficient imiiibii of icliabihlatcd p itieuts, and (‘I) to 
cxamiiK the causes ot compileitions in an eiidcavoi to lediice the opeiative and 
late luoibiditj and inoitalitj Decoitieation and subtot il pulmonaiv leseetioii 
Mill be discussed in anothei papci 

Both fai advanced piiliiioiiatv tiibeieiilosis and tubciciilous empiema caiij 
a high moitalitv late This moitalitv latc is fuithei incicased by the picsoiiec 
of bioncliopleui li fistula and mixed empveiiia Ailing and co woikeis, in a 
studv ot fai advanced pulmoiiiiv tnbciciilosis in the piechcmotheiapv eia, ai 
livid at a figuie of 70 pel eeiit moitalitv in a lOvcai follow up, with 20 pci 
cent moitalitv in the fiist veai Empvuiia without extensive pulmonaiv disease 
also eaiiies a high moitalitv latc of b7 C pci cent within T vcais afti i the onset 
oi oinpvciiia and a leiovciv latc of oiilv 19 pel cent Khisseii and associates' 
lepoited a moitalitv i ite of 18 pci cent in empyema tieatcd In thoiacoplastv 


From tlie ^ etcran«t Vtitninistratlon Otf*cn "V C 

RccclAGtl for publlCTtlon Jul5 29 1957 
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puliuonavy arteriovenous fistulas, septic emboli may readily reach organs like 
the brai)i. A recent report of a liver abscess in a ])atient witli a pulmoiiary 
arteriovenous fistula indicates that other organs may also be the sites of 
abscesses. ‘ 

SUMJIAKY AND CUNCLU.S10N 

Angiocardiography established the diagnosis of a pulmonaiy arteriovenous 
fistula of the right lower lobe in a 46-year-old man with epistaxis due to capil¬ 
lary telangiectases (Rendu-Osler-Weber disease). Segmental excision of the 
fistula and study of the specimen by making a metallic east disclosed that 
fistulas are complex and bizarre hemangiomatous malformations. 

Excision of pulmonary arteriovenous fistulas is recommended because, 
when they are removed, isolation of noxious agents in the pulmonary capillary 
bed prevents cerebral abscesses and thrombosis. The right-to-left shunting 
of blood is also corrected. Finally, since the fragile paper-thin fistulas have 
a tendency to rupture, removal will prevent fatal hemo])tysis. 
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Comment: This case illustrates the points that ijreliininary closed thora¬ 
cotomy drainage docs not necessarilj' lead to infection of the operative liemi- 
thorax and tliat protection against contralateral spread can be obtained by 
closed thoracotomy. A short course of preoperative drug therap3' in stable 
disease was sufficient. 



Pis. 1. Fir. 2. 

Flgr. 1.—Case 1. Admission film shows empyema, bronchopleural fistula, and cavitary 
pulmonary disease. There Is scattered disease on the left side. 

Pie. 2 .—Case 1. Postoperative film showing clear left lung field and right pneumonec¬ 
tomy 5 years postoperative. 

Case 2.—C. S., u 29-year-old white inau, uas admitted to the hospital in 1949 with 
pulmonary tuberculosis and right pneumothorax. After 4 months of drug therapy he 
left the hospital against medical advice. He was readmitted in 1950 with tuberculous 
empyema and bronchopleural fistula (Fig, 3). After one week of streptomycin therapy 
an extrapleural pneumonectomy was performed on June 29, 1950. Gross pleural contamination 
of the pleural space occurred during the operative procedure. Postoperative bronchopleiirnl 
fistula and empyema ensued and a throe-stage space-obliterating thoracoplasty was performed. 
TIio patient was discharged 28 months after surgery. Follow-up roentgenogram demonstrates 
stable disease in the remaining left lung (Fig. 4). The patient is now working. 

Comment: This case illustrates the following classical points. Spontaneous 
pneumothorax in a tnbercnlons patient ma.v lead to cnip.vema and bronelio- 
plonral fistula. Tnadoiiuate preoperative drug tlierap^’, operation on unstable 
disease, and operative pleural eontaiiiiiiation can lead to ma,jor postoperative 
complications. Kstablisiied long-term drug regimens and ade<|nate in-eoiiera- 
tivc stabilization of pnlmonar.v disease can prevent main- of tlie eomplication.s. 
Postpnenmoneetomj' empyema and bronclioplcnral fistula necc.s.sitate ma.ior col¬ 
lapse therap.v and prolonged hospital care. 
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Connolly and Porsee® reported a mortality of 18 per cent in pulmonary tubercu¬ 
losis and empyema treated with thoracoplasty and streptomycin. These figures 
illustrate the gravity of active pulmonary disease complicated by empyema. 

MATERIAL 

Prom 1948 to December, 1955, 44 patients had extrapleural pneumonectomy 
performed for destroyed lung. Of these, 30 had chronic mixed empyema and 
bronchopleural fistula. Cases of acute empyema present an entirely different 
problem and are therefore excluded from tliis study. Pourteen patients liad 
pleural symphysis from prior pleuritis or effusions, and a eom])]ete extrapleural 
procedure was necessary for the pneumonectomy. These eases are not included 
in the study. All except one patient had demonstrable contralateral disease. 

Eighteen patients were prepared for pleuropneumonectomy by lesser surgi¬ 
cal procedures such as closed thoracotomy, open thoracotomy or both, and 6 
patients had thoracoplasty and 2 had further stages of Schede thoracoplasty. 
Since these procedures failed to obliterate the chronic cm])ycma siiacc and con¬ 
trol the pulmonary disease, extiaipleural pneumonectomy had to be performed. 
The mean length of preparation was 3 years. 

COMFLICATIOXS 

The complication rate of pleuropneumonectomy, in comparison with other 
types of lesser pulmonary surgery in this series, was high. As a rule, patients 
undergoing this type of surgery do not represent the best surgical candidates. 

The most serious complications were emiiyema, bronchopleural fistula, tuber¬ 
culous spread to contralateral lung, distant sjn-ead of tuberculosis, and wound 
infection. Postoperative empyema developed in 17 of the 30 patients and 9 
of these Avere demonstrated to have bronchopleural fistula. Contamination of 
the operative field by opening into the empyema was a definite factor in the 
development of postoperative empyema. Of 15 patients having operatiA^e con¬ 
tamination, 10 developed postoperathm empyema. Seven patients developed 
spread to the contralateral lung or to distant areas and all of these cases aati’c 
associated A\dth the development of postoperative bronchopleural fistula and 
empyema. 

Of the 17 patients Avho had postoperative empyema, 7 demonstrated drug 
resistance. Only 2 patients Avho had drug resistance did not have postopera- 
tiA'e complications. 

The folloAving case reports illustrate some of the problems of the .surgical 
procedure. 

Case 1.— P. F., a 29-year-old, acutely ill, Negro man, was admitted, in 1951, Avitli ex¬ 
tensive pulmonary tuberculosis of the right lung complicated Avith empyema and broncho¬ 
pleural fistula. Minimal contralateral disease was present (Fig. f). lie'Avas treated Avitli 
closed thoracotomy drainage. After 50 days of streptomycin and PAS therapy, a right 
extrapleural pneumoneclomy Avas performed on March 20, 1951. The postoperative couiso 
was uncA’entful and he Avas discharged from the hospital AA'ith a diagnosis of inactive tubei- 
culosis. FolloAV-up roentgenogram (Fig. 2) demonstrates the status of the remaining lung. 
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CvsE 3 — G B, 1 3S jonrold Negro in in, wifli left ribjoc'i\ornous tuboreulo*'!'? and bron 
chiecta<?is, complicated uitli mip^enn ind broneliopletnal fi^itula (Fig 5), w is imtnlh 
tiritcd witli clo‘>cd tlioracotomj ami later bj open thoracotoiuj in 194S Mimnml con 
tialatiiil di<!t ISO Mas prcNLiit it the time of admi-^aioji Siibsi rpitiitlj, three stagis of 
thorai opl istj iml a Selicde thorncoplasfj filled to irr<at tlu rlisc i«e Streptonijcin, Pronun 
ind Jb I Mere adimnistend fiom 194S to l‘)50 On Aug 2, IhlJ, umbi Mden imiile ami 
PA'S tlioi ip}, ui evtnpleural pneiiimmectom^ mis performed I lie postopiritue cour'«o uas 
uneicntful and he Mas discharged from the lio'ipital in 1951 Hi** jiresent condition is e\ 
ccllent (Fig C) The disea'^e la inactive ind he is Moiking 

Comment In the lace of eontialatcial disease, stabilization of tlie lessei 
lesion was obtained by diug theiapy and bed lest Reduction of the enipvcma 
space was obtained by thoiacoplastj^' to pieicnt contialateral spiead thiough 
tlie bionchopleiual fistula This was the accepted method of tieatmcnt piioi 
to the dciclopment of antituherculous dings® The lesidual active piilmonaiy 
disease on a small empjema sac weie finalli sncccssfulh subjected to cxtia- 
ploiual pneumonectoim This is an cvccptiona) instance wheie an open thoia- 
cotomi wound did not icsult in an infection of the postopeiative thoiacic space 

CvsL 4—G H, a 40jO'iroId Negio mm, had had pulmonary tuberculosis since 1946 
and li id lecoued right thcnpcutic pneumothorav for cuitir\ tuberculosis, resulting in 
ihronic purulent empjema (Fig 7) lie uas admitted to the hospital on Tulj 23, 194S 
After 0 Meok^ of bed rest, ho Mas guen 30 dijs of dailj streptomjcin and pleuropncu 
inonectomy Mas pci formed on Scjit 20, 1948 Grouts pleural contamination and an iimdver 
tent opening of tlio pericardial sae occurred during the procedure Tlic postoperatuo course 
Mas complicated with iieru iiditis, empjema, hroiiehoplcuril fistula, and Mound disruption 
(Fig 8) Tlie pitiont dud 2 M(po<5toperatiicl\ Ilistnlngicalh, tlu reiected lung «howed 
tulieroulous pnoumoni i 

Comment Tlie inoopetatne diug coxciago iii tins patient was madocpiato 
accoidiiig to oni picsent standaids An acutel; ill patient slionld lia\o closed 
tlioiacotonn diainago ot the ciiip\enia The e\ndati\e phase of the pnlinonai\ 
lesion should he eontiollcd hetoie snigeix This leduces the iinmbei and atten- 
nates the tnbeicle bacilli, poi nutting snigcrj in a less aciitelj inflamed field 
With the newel multiple ding choices, in coiitinst to the a\ailable drugs ot 
1948, acute tuboieulous postopeiatisp complications base been piesciited in 
the majoiits ot instances 

GvsE 5 —T M , a, 33 \c\t old white man, developed bronvhoplcural tistuU and cmpvoma 
folloMing pneiimonolj&is in 194b An opiii tlior icotoiuj and tMO stages of postcrolator il 
thoracoplastj Mirc ptrformid but tlie mipjema ami ictive piienclnmal di'jcave persistc<l 
(Fig 9) In MCM of thi hnoMii Inettnal rcsistaiici, in oatrapltural pniumonectomy was 
performed on Dec 21, 1930, Mith no drug thcrapv Po«itop< ratne eontral itcral spreid do 
lulopcd ind, 3 months later, a brontliopleural fistula m is finnllj demonstrated The patient 
died in irroversiblo pulmonarj insuihciciicv and tor pulmonalo i months after surgerj 
(Fig 10) 

Commenf The niidiagiioscd postopeiati\c bioncliopleiual fistula was a 
tactoi 111 eontialatcial spiead and final demise ot the patient Bioiiclioplcuial 
hstiila IS the most common cause of postopeiatue spiead of fubeicnlosis llaih 
diagnosis and empjema drainage iiiai base olninfid tins iiioitaliti Open 
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Fig-. 0. Fig. G. 

Fig. o .—Cane 3. -Admission film sliows desti'o.ved left lung, empyema, and broncho¬ 
pleural fistula. Right lung contains moderately active disease. 

Fjj-, g.—Case 3. FoIIow-up film shows inactive disease 1 years after iileuropneuinonec- 
tomy and tlioracoplasty. 
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tlioracotomy preceding oxtraplciiral piicumoneetom}' is almost always followed 
by infection of the thoracic space and therefore means of drainage should ho 
established when pleuropneumoncetomy is performed. 

Case 6.—E. W., a SG-year-old Negro man, was admitted to a state tuberculosis institu* 
tion in 1954 with tuberculous empyoma. He received sticptomycin and isoniazid and had 
multiple chest aspirations. In March of 1956, he was transferred to VAII, Oteen, North 
Carolina. In July, a right doeortication was performed. The operation was a'l'^ocialed 
with excessive oozing from tlie raw surfaces, requiring 14,500 c.c. of blood before the opera¬ 
tion was teiniinatcd. Postoperati\e bleeding continued and at re-exploration the chest was 



FIs', 11. FIff. 12. 

Fig. 11,—Case 6. Preoperative film shows right empyema and clear left lung. 

Fig. 12.—Case 6. Postoperative film showing blood filled hemithorax wltli No. 34 Fr. 
catheteis in place w'hich were not adequate to evacuate the blood. 

filled witli clots; however, no bleeding points could be found. The lung was nonexpansible and 
there was bleeding through the endotracheal tube. An emergency pneumonectomy was per¬ 
formed. The patient continued to bleed postopcratively, and etidonce of hypoxia was ap¬ 
parent. Blood transfusions and intermittent po'sitive pressure breathing through an endo- 
tiacheal tube did not relieve the situation. Fibrinogen determination, fibrinotysiu level, 
blood volume, and prothrombin time were normal. The platelet count Imd dropped to 
85,000 per cubic millimeter. The patient died 24 liours after the second thoracotomy. 

Comment: Postoperative hemorrhage in ma.ior thoracic procedures is not 
an uncommon complication. Bleeding may be from open vessels ■which can be 
mechanically eonti’ollcd; however, in oozing problem.s of various knotvn and 
unknown causes, therapy becomes more difficult. Citrate excess, calcium de¬ 
ficiency, protlu’ombin deficiency or deficient prothromliin regeneration, fibrino¬ 
gen deficiency or increased fibrinolysin titer, platelet deficiency, hypoxia, etc., as 
probable causes are all under sttidy in various laboratories. Perhaps, in the 
near future, simple laboratory methods to determine the defects of clotting 
or bleeding and substitution therapy may become available to the con¬ 
trol of unexplained hemorrhage during and after major thor ons. 
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KllJ. 7 l-'lB 8 

Pij,' 7—Case •! Pieopoiutn»* lllni shouinjr njrlit enip.\ei))a. Tlic pneumonic lesion under 
the enip>onia Mas not detected fioin \-iay e\uininution JJxciinination of the lesocted speciinen 
shoMcd pneutnonlc disease. 

Fig 8—Case 1. Postopoiutivc JUm showing niassi\o peiicuidinl eftusion, parascapiilar 
wound, anti all-fluid Io\el in tlie light chest 



Fig 9 


Fig 10 


Pig., g._Case 5. Admission film shows left cmpj'ema and hionchopleuial 

scattered lesions of the right lung. 

Pig 10 _Case 5. Postoperative film shows spread to light lung and eniptj 

thoiax due to bronchopleui al fistula following pleuiopneumonectomy. 


fistula and 
loft heini- 
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operative procedures. Some had prior thoracoplasty. Pleuropneumonectomy, 
although a irrocedure accompanied by high complication rate, is a useful pro¬ 
cedure for patients having no other recourse. 
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RESULTS 

A follow-up Study of 30 patients with chronic purulent tuberculous em¬ 
pyema treated mth pneumonectomy and total pleurectomy was carried out. 
The follow-up period extended from 9 years to 14 months. Nineteen, or 63 
per cent, of the patients have attained a diagnosis of inactive tuberculosis and 
are rehabilitated in proportion to the motivation of the patient. Three pa¬ 
tients are cripples and still have active disease. Eight patients, or 27 per cent, 
have died from the following causes; meningitis, pericarditis, postoperative 
sepsis, contralateral spread resulting in pulmonaiy insufficiency and postopera¬ 
tive hemorrhage. 

SUAniARV AND CONCLUSIONS 

1. Thirty patients who underwent extrapleural pneumonectomy for chronic 
purulent empyema and destroyed lung were analyzed as to complications and 
final results. Representative eases are presented. 

2. Adequate antituberculous drug coverage and stabilization of the pul¬ 
monary disease are necessary prerequisites for this type of surgeiy. 

3. Contamination of the operative hemithorax by opening into the empyema 
frequently leads to postoperative empyema and bronchopleural fistula. These 
complications can be reduced by adequate drug coverage. 

4. Preparation of the acuteh’^ ill patient with empyema with the use of 
preliminary closed thoracotomy drainage has enabled i^roper stabilization of 
the disease. Pneumonectomy and excision of the empyema sac can be per¬ 
formed subsequent to this without incident. Open thoracotomy should be 
performed only when repeated and accurate closed intercostal drainage proce¬ 
dures have been inadequate to control the progress of pulmonary tuberculosis 
and empyema. If open thoracotomy is performed, the pleuropneumonectomy 
must be accompanied by a drainage procedure. 

5. If the empyema has been chronic and the pulmonary disease stable for 
several months, a long period of drug therapy is not necessary. 

6. In the presence of bronchopleural fistula with empyema, operative 
intervention should be done early in the course before the development of 
contralateral spread and drug resistance. If the general condition of the patient 
is unsatisfactory for major resection, complications can bo prevented by space- 
obliterating thoracoplasty. Pleuropneumonectomy can then be performed in 
a less infectious field at a later date. 

7. Postpneumonectomy bronchopleural fistula is the most common cause 
of postoperative contralateral pulmonary spread. The patient with postopera¬ 
tive spread should have careful examinations for determining the presence of 
bronchopleural fistula. 

8. Two thirds, or 63 per cent, of the patients having chronic purulent 
tuberculous empyema and destroyed lung have obtained an inactive diagnosis 
and have been rehabilitated folloAving extrapleural pneumonectomy. These 
patients were judged by the surgical staff as not being curable by other lesser 
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at a sensitivity of 100 or 200 inm. Hg per 4 em. paper. Records were cheeked 
for electrical drift before and after each run. Pressure transducers were cali¬ 
brated with a mercury manometer befoi-e and after each experiment. 

Left ventricular pressures of the open chest dog were measured before, 
during, and after obstruction to inflow. Inflow obstruction was produced by 
inflation of the bag of a Foley catheter inserted through the left auricular 
appendage. The tip of the catheter lay in the left ventricle, and the bag itself 
lay inside the mitral ring. The bag was inflated with 40 to 55 e.o. saline to 
produce inflow blockage. It was planned to record pressures before, during, 
and following obstruction on three occasions for each animal. In 9 animals, 
left ventricular pressures during obstruction were measured also during in¬ 
fusion of 1-norepinephrine in an amount suflicient to increase left ventricular 
systolic pressure by approximate!}' 50 to 100 per cent. Right ventricular pres¬ 
sures Avere measured before, dui’ing, and after obstruction to filling produced 
by occlusion of the superior vena cava, inferior vena cava, and coronary sinus. 
In some animals, left ventricular pressure Avas measured during rapid exsan- 
guination through a rubber tithe inserted through the Avail of the right ven¬ 
tricle, Pressures recorded during obstruction to infloAV or bleeding represent 
an average of several heartbeats after reaching a maximal negative pressure at 
a fairly steady level. 



t t t 

INFLATION OF BALLOON COMPLETELY INFLATED RELEASE OF BALLOON 

IN MITRAL ORIFICE (SSMI) 


FIff 1—RccorJ of left ventricular pressure durmp obstruction to Inflow bj* Inflation of 
Ipft atrial balloon Pressure is 80/0 nim. He before obstruction and 8/-5 inm. Hg: during 
maximal effect. Pressure Is 93/0 mm. He after deflation of balloon. Paper speed Is acceler¬ 
ated from 10 to 25 mm /sec dunne maximum effect. 


RESULTS 

Results are given in Tables I to HI and in Figs. 1 to 3. Satisfactory rec¬ 
ords of left ventricular pressure during obstruction to inflOAv (Table I) Avere 
obtained on .32 occasions in 13 animals. Adequate records of left ventricular 
pressure during 1-norcpincphrine infusion and infiow obstruction AA'ere ob¬ 
tained in IS riAns on 9 animals. The results arc gis’CtA in chronological se¬ 
quence for each animal. It may be seen that control din ' *' Avef""'*^ 



EFFECT OF INFLOW OBSTRUCTION AND RAPID BLEEDING ON 
VENTRICULAR DIASTOLIC PRESSURE 

Noble 0. Fowler, jM.D.,*’' Cecil Couves, and John Bewick, M.D./'«« 

Atlanta, Ga. 

B loom and Ferris,'- - studying the excised beating rat iieart immersed in 
liquid, demonstrated the development of negative left ventricular pressure 
during diastolic ventricular filling by suction. These authors' also found nega¬ 
tive diastolic in-essui-e in tJie i-iglit and left ventricles of the dog when infloiv 
to the A-entricle was obstructed. Breelier* demonstrated that the left ventricle 
of the dog was capable of exerting a sucking effect when its inflow was 
blocked. Kraner and Ogden' showed that the ventricle of the turtle was 
capable of exerting diastolic suction. The purposes of the jiresent study were 
as follows: (1) to confirm and extend the above observations on the frequency 
and degree of negative ventricular diastolic pressure developed when there 
is obstruction to inflow; (2) to ascertain whether tlic magnitude of negative 
ventricular diastolic pressure developed during obstruction to inflow is influ¬ 
enced by infusion of 1-norepincphrine; and (3) to determine whether negative 
ventricular diastolic pressure develops during diminution of ventricular filling 
as a result of acute hemorrhagic h.\q)ovolemia. 


PROCEDURE 


The studies to be described were performed upon 20 mongrel dogs, anes¬ 
thetized with pentobarbital sodium, 30 mg. per kilogram of body weight. 
Studies were made with the animal on its back, the chest open, and with posi¬ 
tive pressure respiration. Right and left A-'entriculai- pressures were measured 
through a No. 12 cannula with side perforations near the tip. The tricuspid 
valve Avas used as a zero reference level. Pressures Avere detected by means of 
a Statham P23Da strain gauge and Avere recorded upon a Sanborn Poly-Viso 
Electrocardiograph or u])on an Electronics for IMedicine Research Recorder. 
Diastolic pressures Avere recorded at the nadir of diastole. Paper speeds Avere 
5 to 25 mm. per second. Right ventricular iiressures Avere recorded at a scnsi- 
tiA-ity of 40 mm. Hg per 4 cm. paper; left A'-entrieular pressures Avere recorded 
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pre.ssui-es were -2.5 to -20 nini. Ilg. In only 5 of 9 animals •were the peak 
ncfrativo pressures dnring norepinephrine infusion greater than those without 
norepinephrine infusion. In 3 of these 5 animals, maximum negative pressures 
reached during inflow blockage were not consistently greater during 1-norepi¬ 
nephrine infusion. In 3 runs on 2 animals, S 3 ’Stolie pressures also became 
negative during obstruction to inflow. An example of the effect of obstruc¬ 
tion to left ventricular infio-w upon left ventricular pressure is given in Fig. 1. 

Table II gives the effect of obstruction to right ventricular inflow upon 
right ventricular pressure in 11 runs on 5 animals. Before inflow occlusion, 
right ventricular diastolic pressiu’cs were zero to 1 mm. Ilg; during obstruc¬ 
tion to right ventricular inflow, negative diastolic pressure was observed in 
each instance, the pressures ranging from -1 to -2.6 mm. Hg. Following the 
release of obstruction to inflow, right ventricular diastolic pressure became 
positive in each instance, ranging from 0.8 to 2 mm. Hg. An example of the 
effect of inflow occlusion upon right ventricular pressure is shown in Pig. 2. 



Fla a.—Rccor4! of rieht \enlrlcular presaurc diirina obstniction to inOow produced by 
occlusion of coronary sinus, and superior and Inferior venae cavac. Pressure Is 14/1 mm. Hv 
before obstruction, and 2/-1 mm, durlne obstruction 


T.sm,E II. Right Vi.NTOiccbAB Pbe.ssiii;es, mm. lie, Dumxa Obstruction or I.nfu)w 


DOG 

1 BBFORK 1 

1 obstructiox 1 

1 DX.RINO 

OBSTRUCTION 

toLrowi.vo 

OB.STRUCTrON 

5 6-57 

17/0 8 

1.2/-I 

24/1 


20/1 

3/-1 

22/2 


22/1 

1/-1 

24/1.5 

5-8 57 

32/0 

0/-1.8 

26/1 

No. 1 

•25/O.a 

2/-1.2 

2T/1 

0 8 37 

23/1.3 

4/-1 

24/0.8 

to 

2.3/O.fi 

V-1.2 

26/i.n 

5 9 57 

19/0.2 

-l/-2.fi 

25/ft.S 

5 10 37 

20/1 

-1/-2 

31/1 


14/1 

0/-2 

14/1 


15/0.4 

n/-2 

lfi/1 


The effect of rapid bleeding upon left ventricular piessure is given in 
Table III. The volumes of blood removed were from .360 to 700 o.c., and the 
time required for bleeding was 89 to 236 seconds. Control left ventricular 
diastolic pressures were zero to 5 mm. Hg. During bleeding, maximum nega¬ 
tive dia.stolie pressures were-2.5 to-6.5 mm. Hg. K • - _ 
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TaBI.K I. ErKKCr of ObSTUI’CTION to IaTI-OW I'I-OK LKFT l^liBKKl 


J!K, MM. Ho 


noG ! 

IJEKOIlE 

OaSTItUCTION 

Win S'a 
OliSTIlUCTION' 

FOjanAviso 

OliSTliUOTIO.V 

1-11-57 

92/5 

10/-3.5 

80/5.5 


95/3 

7/-5.5 

73/3.5 


86/1.5 

8/-3.5 

O.’J/.'i 

(N.E. inf.)* 

138 VO 

48/-8.5 

138 VO 

1-18-57 

63/1.5 

17/-3 

73/1.5 


50/0 

13/-5 

7.3/3 

1-25-57 

116/0 

-5/-10 

118/2.5 / 


116/3 

10/-5 

11.5/7.5 

(N.E. iijf.) 

105/4 

-10/-20 

18.5/0 

fN.B. inf.) 

108/8.5 

14/-0 

150/8 

(N.E. inf.) 

107/0.5 

9/-0 

170/15 


110/0 

15/-8 

105/0 

2-15-57 

115/1.5 

20/-2.5 

150/2.5 


124/0.5 

15/-5 

130/2.5 

2-22-57 

04/3.5 

9/-2 

_ 


104/1.5 

5/-3.5 

88/3.5 

(X.E. inf.) 

150/3.5 

23/-10 

10.3/0,5 


100/3.5 

20/-18 

90/3,5 

(X.E. inf.) 

140/1.5 

0/-17 

152V4.5 

.1- 8-57 

117/0 

24/-4 

125/3 

5-22-57 

120/2.5 

10/-5 

130/0 


120/0 

9/-5 

155/9 

(N.E. inf.) 

205/8 

25/-5 


3-22-57 (N.E. inf.) 

205/4 

13/-9 



90/4 

J5/-3.5 

115/4 


130/7.5 

1S/-3.5 

118/4 

4- 5-57 

135/7.5 

i4/-5 

180/10 


125/4 

10/-5 

157/5 

(N.E. inf.) 

200/2.5 

15/-5 


4-12-57 

113/5 

1 ()/-!» 

115/2.5 


115/2.5 

0/-10 

108/1.5 

(N.E. inf.) 

200V0 

15/-1() 

200V0 

(N.E. inf.) 

200*/2..5 

20/-10 

200V3.5 

(N.E, inf.) 

240/5 

23/-10 

240/5 


110/2.5 

9/-G 

105/2.5 


105/1 

10/-5 

105/2.5 

5- 6-57 

91/3 

8/-2.5 

103/5 


88/4 

9/-2.5 

80/3 

(N.E. inf.) 

140/8 

20/-5 

-- 

(N.E. inf.) 

145/1.5 

30/-3 

-- 

5- 8-57 

70/2.5 

-1/-3 

(iO/5 

No. 1 

73/1 

10/-2.5 

74/1 

(N.E. inf.) 

120/1.5 

21/-2.5 

— 


11.5/2.5 

22/-2.5 

— 

5-9 -57 

105/2.5 

15/-1.5 

150/2.5 

5-10-57 (N.E. inf.) 

125/0 

15/-5 

140/0 


88/2.5 

12/-2.5 

75/0 

(N.E. inf.) 

120/0 

•io/ •-4 

170/5 


80/0 

8/-5 

95/0 

(N.E. inf.) 

150/1 

13/-6 

100/5 


•Norepinephrine infusion. 


from zero to 7.5 rnm. ]Tg. During inflation of the left atrial balloon, negative 
left ventricular diastolic pi-cssure Avas observed in each instiUice, pi'essiuvs 
i-anging from -2.5 to -38 mm. Jig. I'^lioAving release of the oljsti’uetion, left 
ventricular diastolic pressure became atmo.spheric oi- positive in ciich instance, 
ranging from zero to 10 mm. ITg (Table I). Diastolic left ventricular pres¬ 
sures during 1-norepinephrine infusion were zej-o to 8.5 mm. Jig- 
structing infloAV during 1-norepinephrine infusion, left ventricular diastolic 
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was small The magnitude of iiegatiie piessuie dei eloped was much less than 
m the left lentncle, which could be attributed to differences in piessiire loliime 
cuives of the ti\o ventiieles, oi to less complete emptying of the light ten 
tilde upon inflow ocelusioii Breehei and Kissen® deinonstiated that the suck 
mg foice of the left ventricle of the dog s heait was gieatei than tint of the 
light \entiiele 

The deielopment of negative diastolic piessiiie m the left lentiicle dm 
mg rapid bleeding is of interest Although the impoitanoe of veiitiiculai 
suction 111 lentiiciilai filling m the noimal eirciilation has not been ])ioved, 
this observation suggests that veiitiicnlai suction may be impoitant m veil 
tiiciilar filling dining states of acute hypovolemia The measiiiement of veil 
tiiciilai volume iindei these eireiimstsnccs would be of iiiteiest, since m the 
aetiv'e ciiciiHtion, negative diastolic piessnre may develop at a highei ven 
trieiilar volume than was found by Biechci and Kissen m then stiidy^ upon 
the dog s heal t m standstill 

SUMM VBV 

A stiidv was made of the oftcct ot obstiiictioii 1o inflow upon diastolic pies 
sure m the left and light ventiieles in dogs The effect of lapid bleeding upon 
left vciitiiculai dnstolic piessiue was also obseived Dining obstiiiction of the 
mitral valve oiifieo, negative pressinc of -25 to -18 mm Ifg was obseived in 
the left ventricle In the light ventiicle, diastolic pressure during obstiuction 
to inflow was -1 to -2 6 miii Ilg Dining acute bleeding, diastolic pressure m 
the left vontiiole became negative, with ma\imuni values being -2 5 to -G5 
mm Hg 

RFFERISCLS 

t Bloom, V\ L, and Feins, E B Negitne tenlnculu Dnslolic Pressure iii the Beating 

Heart Studied In tivo and In Vitro Proc Soe Exper Biol S, Jfed, 93 151, 1936 
3 Bloom, W L, and Ferns, E B Elastic Eecoil of tlio Heirt as a Factor in Diastolic 

Filling, Tr A Am Phvsicians 69 200, 1056 

3 Brcclicr, G A Expeniiient il Evidence of Vientriciil ir Diastolic Suction Circulation 

Bes 4 S13, 10o6 

4 Ivrnntr, T C and Ogden, T Ventricular Suction iii the lurtlo, Girculutiou Res 4 

724, 1956 

5 Breclnr, G V, and Kissen t 1 Relation of tfeg-itive Intravcufri ular Pressure to 

Ventricular Volume, Ciieulation Res 5 lo7,10->7 
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appeared as early as after removal of 100 c.e. of blood, or as late as after re¬ 
moval of 400 e.c. of blood. Jii some iustanees, the maximum negativity de¬ 
clined toward the end of the bleeding period. An example of the effect of 
bleeding on left ventricular pressure is shown in Fig. 3. 



CONTROL BLEEOINa 5“ 15* 

BEGUN 



25' 40* 55* 300 ec 60* 


BLOOD 

REMOVED 


Fig. 3.—^Record of left ventricular pressure during rapid bleeding from the right ventricle. 
Pressure is 110/0 nun. Hg at onset of bleeding and 20/-5 mm. Hg after removal of 300 c.c. 
blood. Horizontal Uacing at end of lecord represents check for electrical drift. 


Table III. Eeeect of E.\SAXorixATio.\* lU-ox Left VE.VTnicub,\u PkeS-suiifs, mm.Hg 


DOG 

BEFOBE EX.SAXCriNATlOX 

nruiXG exsanguixatio.v 

PRESSniE 

LOWEST DIASTOLIC FKESSURE 

2-12-57 

105/0 

5/-0.5 

2-22-57 

1.17/3 

8/-3.5 

.1-22-57 

125/4 

2.5/-5 

5- 0-57 

SO/5 

10/-6 

O-10-57 

60/0.5 

8/-2.5 


DISCUSSION 


The development of negative diastolic pressure in the left ventricle dur¬ 
ing acute obstruction to inflow ivas a consistent finding, and confirms the ob¬ 
servations of previous investigators.^’ ^ When obstruction to inflow rvas 
produced during 1-norepinephrine infu.sion, there was an increase in the 
amount of negative left ventricular diastolic pressure in some but not in all 
observations. These observations were similar to those of Brecher^ after epi¬ 
nephrine. which was followed by increased negative ventricular diastolic pres¬ 
sure during inflow obstruction in some but not in all instances. If 1-norepi¬ 
nephrine infusion decreases tlic volume of blood in the heart, then greater 
negative pressure in diastole may be exjiected, as shown by the studies of 
Brecher and Kissen,® who found increasing degrees of negative pressure when 
ventricular volume was decreased beloiv a certain critical level. The inter¬ 
ference with the circulation of 1-norepinephrine to the myocardium during the 
])eriod of occlusion of inflow may account for our failure to observe consistent 
increases in ventricular diastolic negative pressure during 1 -norepinephrine 
infusion. As observed by Brecher,-'’ negative ventricular diastolic ])ressure did 
not develop immediately upon obstruction to filling, but I'ather after several 
heartbeats. This suggests that negative pressure is evidenced only after the 
heart has reduced itself to a critical volume by expulsion of its contents in 


systole. 

The development of negative pressure in the i-ight ventricle during occlu¬ 
sion to inflow Avas also consistent, although the number of animals studied 
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PULMONARY ASPERGILLOMA 

Paul F. Hausmann, M.D. 
IMilwaukek, Wi.s. 


C ASES of j)ulinoiiary asj)oi‘f,''illosi,s iiavc boon clesoribed inlorniifloiitly in jnodi- 
cal Jiteraturc sinco liio original doscription by Virchow' in 385G. He doni- 
onstralcd the ])atliogonicity of aspergilli in iiio pigeon fceder.s of J^aris, who 
masticated grain and tlien force-fed the birds. It was also described in wigiiiak- 


ers who cin])loyod corn meal to clean wigs, 
to 1)0 tlie source of tlie mold. 


In 1)ol)i instances the grain was said 


Yesnei' and JIurwitz' liave differentiated three forms of aspergillus pul- 
monaiy infection in man; (1) the severe pneumonic tyi)e cliaracteri/.ed by 
acute pneumonia, and generalized aspergillosis which is usually fatal; (2) a 
jnild foi-jii ehai’actci'ized by an acute Iracheobi'onchitis, which I'Uns a benigii 
cour.se; and (3) clu-onic forms M'hich I't’.semble tube)'culo,si.s, often with cavita¬ 
tion or chronic granulomas. The.se authors rc])orted a case treated by left lower 
lobectomy in which there was a cavity, 4 by 2.5 cm. in size. Organisms were 
cultured from the walls of the cavity. 

Pesle and i\ronod- described 3 patients who wo'o ojan-ated upon for "asper- 
gilloma.” Jn 2 patients, cavity drainage; was e.stablishcd with one death, and 
in one instance a successful segmental re.section was ])ei’formcd. The lesions in 
the.se patients were similar and characteri.stic in that they had the appearunco 
of a cavity, not entirely tilled, in which the central opaepu; material surrounded 
by a crescent of air. I'he lung surrounding this lesion is usually normal. 

A recent study by Vellios and as.sociatcs® includes a case report of a patient 
with an “aspei’gilloma,” in whom the radiologic aJid pathologic features were 
typical. These authors succeeded in finding 22 previously reported similar 
ca.ses. 3’hey set forth a theory of origi)i of the.se lesions, which we had postulated 
independently that these masses occur in previously existing pulmonary lesions, 
such as congenital cysts, areas of bronchiectasis, old tuberculous cavities, or 
cavities of pyogenic origin. 

The following case is presented because of the characteristic roentgen ap¬ 
pearance which made the diagnosis immediately a])parent, and because the pa¬ 
tient had an cxtraocular sixth nerve jjalsy, causing dij)lopia which subsided 
shortly after resection of the pulmonaiy lesion. 


UA.SE lUCPOItT 

Mrs. G. M., ageil 52, was admitted to Milwaukee llo.spital on Aug. 0, 11)50, and disoliurged 
on Sept. 0, 1950. In May, 1950, .she noted douhlo vision on two occasions. 'I’lio diplopia was 

ioom Jlilwaukee llo.si)ital (Tim Pas.sjivnnl). and Maionettc IJnlvurMlty Medical Scliool, 
Milwaukee, Wis. 

Received for publication jMay 13, 1957. 
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that the seAeic p^o^lhea and dental sepsis ma^ ha\e been the sonicc of the as 
poigillosis, blit pi oof IS lacking 


SUMM \R\ 

A ease of piilmonaiy aspeigilloiin is picsentod ^ihich vas so siimlai in 
Toentgeiiogiaphic appeaiancc to 7 pievioiisU lepoited cases that tlio diagnosis 
i\as made on loentgcnogiams of the chest alone, eoiioboiatcd b\ liicteiiologic 
studies 

Cure nas effected bi lobectonn and segmental lescction 
A tiansieut diplopia due to a light sixth ncnc paresis piescnt toi se\(ial 
months befoic opeiation, has not reciuied since operation 
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Left thoiacotomy was peifoniied on Aiig. 9, 1956. A large thick-walled abscess, 6 cm. 
in diameter, occupied the apical and posterior segment of tiic upper lobe, involving also the 
supeiior portion of the lissme between it and the supeiior segment of the lower lobe. The 
absces.s was demsely adheicnt to the chot wall and niptuied while being fieed. A huge anioimt 
of greenish mateiial was removed fiom the ab.scess cavity which the pathologist lepoitcd as 
containing “mycelia.” Upper lobectomy was deemed advi,sable because of small abscesses 
in other jiortions of the upper lobe. The involved supeiioi .segment of the lowei lobe was 
also resected. Tlic thora.x was thoioiighly iiiigated with noim.'il saline solution because of 
the contamination resulting from lupture of the abscess. 

Pathologic Itcpoit .—A cavity 6 cm. in diameter contained gieenish curdled material. The 
walls of the ca\ity ineasuied up to 5-6 mm. in thickntss. Part of the cyst was lined with 
verj" rough hemouhagic pulmonaiy tissue, paitly by smooth white pulmonary ti.ssue, and paitly 
by smooth white membianous tissue. Theie was a jiatent bionchus 3 to 4 mm. in diametei 
communicating with the cavity. The remainder of the lobe contained one small ab.sces.s, and 
the bronchi showed bronchiectasis of moderate degiee. 

Microscopically, the cyst wall was lined by mature lespiiatoiy epithelium and in some 
places had undeigone metajdasia to je.semble .squamous ejiithelium of the skin. There was 
plasma-cell infiltiation and cousideiablc tibrosis. 

Aspergillus was again cultuied fioni the amoiphous mass in the cavitj’. 

Postopciatively, one giam of stieptomyoin, and 400,000 units of penicillin were adniinis- 
teied once daily for 6 days. Coinaleseencc was uncomplicated. On the fourth iiostoperatiio 
day, the inteinal strabismus disappeaied completely and has not lecuiied. Tlicie was niiiiiinal 
air leak iiom the law aiea of lowei lobe in the aiea of local resection foi a period of one week. 
This sealed off spontaneously. 

The patient was discharged from the ho.spital on Sept. 6, 1956. Examiiiatioiis have been 
conducted at monthly intervals and they have been negative. Culluics of spuluiii and gastric 
aspirations have been negative foi asiiergillus and tubincle bacilli. 

DISCUSSION 

Iloffken felt that the cavity in Avhieh the mold had grown in his patient 
represented a congenital cyst secondarilj’- infected. Pesle (2) suggested that the 
disease occurred in a pre-existing cavity, probably of tuberculous origin. It ap¬ 
pears likely that the cavity in the pre.sent case may have been tuberculous in 
origin, but this cannot be definitely proved since neither history, examination of 
the lung, nor bacteriologic studies of the sputum, bronchial, and gastric secre¬ 
tions yielded evidence of tuberculosis. The presence of bronchiectasis in the 
I'eseeted lobe raises tlie possibility that the original lesion was a bronchiectatic 
abscess which became secondarily infected by the fungus. It seems imliliely 
that the fungus was the causative agent of cavitation since this is unprecedented 
and uncharacteristic of the usual behavior of the organism.'' The characteristic 
roentgenographic appearance of a solid homogeneous mass, lying free in a cavity 
and siii'rounded by a clear halo ivliich shifted on the change of position of 
the patient, seems to be pathognomonic of this form of pulmonary a.spergillosis. 
It is significant that the lesion occurred, as in all previous eases, in the upper lobe 
and superior segment of the loAver lobe.® 

The extraocular muscle parasis cannot be .sati.sfaclori]y explained even on 
the basis of a toxic reaction to the organism, liut symptoms referable to vision 
have not occurred since operation. 

The source of infection in this patient is unknown. She has always been 
an urban dweller and has had no contact with grain or livestock. It may be 
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Physical Examination —The blood pressure w*is 110/70 min Hg, pulse SO, 'iiul respira 
tions 18 The patient was a well developed but thm mile Tlie pupils did not react to light, 
and weie louud and regalir but unequal in size The trachea was m the nudliue, and percus 
siou and auscultation of the thosf rcioihd no aluiorm ilitics TIic rcniamdir ot the general 
physical c\annnatinn was negitne iKop t( iidon reflexes in the lowci cxtrcnntns were absent 
Lahoiatoiy Bata —Uiinil^sis w is nigitiio except for micrnseopic In niaturn IJit 
Iitiiiogi am w IS norm il lud strum thciiiH <1 dcti i mni itions, iju luding blood urt i nitrogen, total 
spinin juotini ilbumin ^lobubn ritio, i iibim dioxidi coiubinuig power, cldornh s^ Bromsuliiha 
lein, and protlirombm time, were all within noinial limits Serologic test for sjpliilis was non 
reacti\e Roentgenographic examinations of the tlicst revealed the civitj to be decreased 
in sizt, Iioweier, a fluid leiel was still pieseiit Eketrocardiogr im was normal 



1 —Roentffonograni of cliest of patient on a«linIssion to Jiospital I^arge cavltj In the 
right apex of lung 

Course —^^Vn exploratory thoiaetoiny was porCormeil umh r ondotrachnl g is, oxygen, 
and ctlicr anesthesia through the )« d of the right fifth rib feiieral fhin adhesions binding 
tlie right upper lobe to the parietil pleura were dmded without <lifllcult\ The apex of the 
right upper lobe was firmly ittiched to the parietal plcuri and this was dissected free 
Grossly, the inflammatory process appeared to iniohc the major portion of the right nppir 
lobe, as most of the lobe was iioncrepitant V right upper lobectomy was performed The 
postoperitne course was uneieiitful, the thoracotomy tubes wen n mon d on the third j)Ost 
operative day and the skin sutures were removed on the «e\enth postoperitiio di\ There was 
good expansion of the right middle and lower lobes and wound healing was cxcelh nt The 
patient has been followed in the clinic IS months and no otln r e\idi m e of puImonar\ in fiction 
his been demonstrated A urine culture was negituo for Vspergillus The poslopcnltie 
coufso has been quite satisfacton and the patient has now returned to g'unfnl »m > 



PULMONAliY ASPERGILLOSIS 
A Case Report 

J. li. Sjiith Poushee, M.D., and Franklin G. Norris, M.D. 
Winston-Saleji, N. C. 

A spergillosis may affect the lung as a primary or secondaiy infection. 

It may he secondaiy to tuberculosis, bronchiectasis, or other chronic lung 
diseases, and is commonly found in post-mortem material. However, primary 
pulmonary aspergillosis is not a eominon clinical entity. Reports are now begin¬ 
ning to appear in the literature which help to elucidate some frequent findings 
in this entity. It is only recently that inilmonary resection was undertaken for 
this lesion. As increased numbers of eases a])pear in the literature, a more 
thorough evaluation as to etiology, symptomatology, phj'sical findings, roent¬ 
genograms, and therapy may be obtained. The case to be presented repi’esents 
a patient with primary pulmonary aspergillosis who underwent surgical resec¬ 
tion of the involved lobe of the lung, with apparent cure of his disease. 


case report 


A 44-jx*ar-old murriod niido furniture employee was ho.s])italized in January, 19od, for 
evaluation of painless hematuria. Tlic lirst episode of lieinaturia liad occurred 2 montli.s previ¬ 
ously and had been followed by several recurrenee.s. A routine ui'ologic evaluation was per¬ 
formed, including intravenous i)yclograms, urine cultures, cystoscopy, and retrograde jiyclo- 
grams. All studies uere unremarkable except for a Clas.s 111 Papanicolaou smear from the 
right ureter. Urine cultures were negative for acid-fast bacilli; bleeding, clotting, protiirombin 
time, and platelet counts were normal. Koentgen examination of the chest revealed a largo 
cavity in the rigid apex measuring 5.0 by 5.5 cm. in diameter witli a fluid level. An area of 
increased density surrounded the cavity and was interpreted as representing an active inflam¬ 
matory process. 

The imtient was transferi'ed to a sanatorium for further diagnostic studies. Five spuluin 
examinations, 3 gastric lavages, and 3 urine specimens wci’e all Jiogativo on direct smear and 
culture for acid-fast bacilli. Intradermal skin tests for tuberculosis, blastomycosis, coccid¬ 
ioidomycosis, and histoplasmosis were nonreactive. A bronchogram, using Diono.-iil, revealed 
no abnormalities; the contrast medium did not enter the cavity in tlio right apex. 

The patient was readmitted to the hospital in February of 1956 for elective pulmonary 
surgery. 

Past history included gonorrhea and .syphilis infection, in 1931, treated witii salvausan; 
repeated urethral dilations for stricture; x)enicillin treatment on the basis of positive serum 
and spinal fluid Wassenuann in 1947 and 1950; bismuth and tryparsamide therapy in 1948; 
duodenal ulcer with obstruction and subtotal gastrectomy in 1954. 


Prom the Depai-tments of Pathology and Surgery, The Bowman Gray School of 
of Wake Forest College and The Laboratories of Pathology of The Baptist Hospital, v\ mswn 
Salem, N. C. 

Received for publication October 18, 1957. 
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pje. A —^Higher m'xgnificfilion of Fig. 3, Xc>te the h>phao nf a^pergllhis nml the giant ceJIs. 
(XtSO; reduced >4) 
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FOUSHEE AND NOIJEIS 


J. ThoracicSurK. 
April. 195S 


Fatliology .— 

Gross: A lobe of a lung tliat iveiglied 200 Gni. Tlie surface uas gray, mottled l)lack. 
and red, and a miiiiber of small blebs were present. On sectioning, a cavity measuring 3.0 
cm. was seen near tlie liilu-s. The cavity was filled with yellow, soft material and the wall was 
0.1 to 0.4 cm. in thickness. Adjacent to the large cavity were many smaller cavitie.s that 
varied from 0.1 to 1.0 cm. Many of tlic.^c were filled with yellow, soft material. The bronchus 
was .slightly dilated but did not coniriiunicate with the cjtvities. 

MUroscoinc: The lung eontauied numeroii.s cavities that were lined by epithelioid cells, 
multiuucleated giant cells, and fibrous tis.sue. In their centers were necrotic material, a large 
number of granulocytes, macrophages, and numerous branchuig hj-phae. Similar hyphae were 
present in the wall, surrounded by multiuucleated giant cells. These hyphae were periodic 



Fim 2.—PliotomicroKraph of hyphae of a.sperpUIu.« in center of large cavity in lung. (XtSO; 

leduceil >{;.) 

acid-Schitf positive. In the surrounding lung tis.sue there wa.s rather marked fibrosis as well 
as an increased number of l.vmphoeytes. Areas of focal calcification as well as scattered 
macrophages containuig brotvti pigment tvere present in the fibrous tissue. The bronchi and 
bronchioles were .slightly dilated and contained lymphocytes and plasma cells in their trails. 

Bacteriology: The resected lung was cultured and a pure culture of Aspergillus finni- 
gains Fre.senius was obtained. The fungus was identified by Dr. Kenneth B. Raper, Depart¬ 
ment of Bacteriologj', College of Agriculture, University of Wisconsin, iladison, Wisconsin. 

Acid-fast cultures were negative for 2dyochacterium tuberculosis. 

DISCUSSIOX 

Aspergillii.s is commonly found in nature and its spores frequently infest 
botli p]ant.s and animals. iMost of the cases of aspergillosis of the lungs in htunan 
beings have been due to the species Aspergillus fumigatus. This is the orgamsm 
which Avas cultured from our patient. Conant and associates^ state that the 
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Slioroscopically, Aspergillus may pioduce a nonspecific intlammatoiy le- 
aotion or a chionic giannlomatoiis lesponsc, the latter being defined as the 
proliferation of retionlo-endothelial cells or maeiophages in which giannlcs 
or nodules are foiined. In this case there was a granulomatous leaetion with 
multiiiucleated cells piesent Piom the experimental woik ot Cooper,- it 
may he infeiicd that the fungxts first produces a nonspecific inflammatory le- 
action which later mnj’ become gianulomatoiis if enough time elapses In 
Coopei’s e\pei intents with rabbits, 6 days were lequited for the lesions to be¬ 
come gi anulomatous. 

The fungus is seen in the tissue as blanching septate hyphac In our 
patient, colonies of the fungus wcic found in the cavity ns well as hyphac in 
the wall of the cavity, with a eellnlar leaction aiound them This latter find¬ 
ing, ue fed, eliminates the possibility that these organisms might have been 
a contaminant To definitely establish the diagnosis of aspergillosis, the 
fungus must be cultuicd from the lesion and a icaction to the hyphac must 
be seen in the tissue As pointed out by Hughes, this fungus in the tissue has 
to be distinguished fiom Jlueor and Candida 

Tieatmont of this disease in the lung would seem to depend on nhether 
the disease is localircd to a lobe or an cntiie lung, or whether both lungs aio 
involved Van Oidstiand’s patient, in which theic uas bilateral pulmonary 
mfiltiation uithout cavity foiniation, was ticatod with iodine with apparently 
good lesults In this case and those of Ilockbeig, GeistI, Ileitro/. Vcsnei, 
Hughes, Fiiodmaii, and Vdlios, lemov.al of a loc.alired lesion by lohcctomy or 
lobectomy with segmental lescctioii piosed a vei.v satisfactoiy method of 
tieatmcnt Conant states that iodine therapy should ho given after the surgi¬ 
cal piocodiue Howetci, hefoic conclusions can be drawn coneeniing tieat- 
nieiit, inoio oxponenee will bo neecssaiy 

sutni iBV 

The clinical, loentgenogiapliie, and pathologic findings and ticatmeiit of 
a ease of iiiimary pnimonar.v aspcigillosis hate been lepoited and discussed 
This disease should he considered in aiiv patient witli localized or diffuse pul¬ 
monary lesions with 0 ! uithont stmptoms. 

This case is the eighth ease of localized piimaiy pulmonary aspcigillosis 
ti rated by lobectomy lepoited in the United .States to date 

Wo \ms!i to t!i ink the Dcinrluient ot Bictcnolog>, Bounmu Graj School o£ Medicine, 
for its cooperation and Dr Kenneth B Kaper, Department of BncterioloK>/ College of Agricul 
tore, Uniicrsitj of Wisconsin for nlontifMng the fungus. The photographs and photo 
nncrogrnplis wore prepared 1)> Messrs Bi d Morton ind Ihomas Wibstr r. 

in 11 in \ci's 

I. Conant, K T, Smith, I) T, Baktr, K, D, Cillouaj, T. L, and Martin, i) S inu il 
of Clinical Mjcologi, ed Philadelphia, 1‘15-i, W B Saunders Co, pp 201 212. 

J Cooppi, K S \nite Brunt Itupin umoni i Due to Vspcrgilhia Funugitus rn-enius, Anh. 
Patli 42; G44 C4S, 104(5. 

3. Friedman, C, ^Iishkin, S, and Lublincr, IC. Pulmonary Keseetion for \spergillu^ 
Abscess of the Lung, Dis Chest 30: 34 > Soft, I'loO, 
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disease is commonly seen in the following workers: (1) squab feeders, (2) fur 
cleaners who use rye flour, and (3) agricultural workers exposed to dust from 
threshers. The patient under discu.ssion Avas a furniture worker. 

Earlier Avriters on the subject of aspergillosis had elassifled the disease into 
tAvo types: the “superficiar’ inA'ohung the bronchi or trachea; and the “deep” 
or “ulcerative” form, involving the i)arenchynui of the lung. Probably better 
terms AA'ould be bronchial and pulmonary forms. This discussion Avill be confined 
to the latter tyjm. Certainly, there is a great deal of overlapping betAvecn the 
tAVo forms. 


Patients avIio have pAilmonary asiACrgillosis may or may not have symptoms 
Avhen first seen by the phj’^sician. The patient under discussion and the case of 
Yesner and llurwitz'^ and Yellios and his co-Avorkers^® had no symptoms relating 
to their pulmonary disease. If symptoms are present they often resemble those 
of chronic puhnonaiy tuberculosis. Jlertzoz,® llockberg," Gerstl,* Eriedman,“ 
and Hughe.s'' and their associates a‘e])orl ])atient.s Avho had one or more of the 
folloAving sj’-mptoms: cough, fe\’-er, chest pain, and hemoptysis. In Hockberg’s 
ease, hemoptysis Avas a major problem requiring blood transfusions. The dura¬ 
tion of symptoms in the cases reported varied from Aveeks to years. 


Koentgenographic findings in ])ulmonary a.s])ergil!o.sis vary tremendously. 
In the cases of pulmonary aspergillosis reported, there Avas an increase in density 
in one or both lungs Avhich Avas diffuse or localized. Van Ordstrand’s® patient 
had bilateral infiltrations extending out fi-om each hilum—a j)attc)'n Avhich some 
authors have called the “sun burst” effect. This i)atient and tho.se of Gerstl, 
Hoekberg, Hughes, and Vellios had radiogra])hic evidence of a cavity or ques¬ 
tionable caAity present in the upper lobe of a lung. 

The series reviewed and collected by LeviiP includes 27 cases of {)ulmonary 
intracaAdtaiy “fungus ball” demonstrated I'adiologically. Of these, 22 Avere 
identified by culture as AspergiUits fuinigahis and 5 as Gimdida (dhicuns. The 
author described Amry clearly the mechanism of these roentgenologic character¬ 
istics. The fungus multiplies Avithin the cyst, or caA’ity, producing an ovoid 
mass, and the surrounding varying densities of Avail of cavity and lung ])aren- 
chyma produce the pattern of a thin-Avalled cavity containing a central mas.s, 
often AAdth a halo of air. This fungus ball Avas .seen to change position in several 
instances. Vellios reports a similar case in AA'hich an intracaA'itary “fungus ball’ 
AA'as present. In the case reported here, the fungus mass in the cavities Avas inter¬ 
preted as a fluid level. IToAvever, gross examiuation of the specimen revealed 
no fluid and the central mass Avas composed of necrotic debris and b 7 -anching 
hyphae. Fluid levels to date have not been reported in this proee.ss. 


Grossly, pulmonaiy aspei-gillosis inay produce grayish-Avhite nodules in 
both lungs. HoAvever, in many of the cases reported, the disease Avas confined 
to one lung or lobe, in Avhich there was a grajdsh-Avhite area of consolidation. 
There is often necrosis of tissue and caA’ity formation. The lobe of the lung in 
this case contained one large cavity and several smaller ones. All the patients 
on Avhom surgical resection of lung has been ])erformed liaA’c had a caA’ity m 
the upper lobe or, much less commonly, apices of the loAver lobes. 



FENESTRATED CARDIOVASCULAR CLAJEPS 
Charles P. Bailey, JI.D.,* and Benjamin G. JIusser, JI.D.** 

Phil \DELi>HiA, Pa. 

INTRODUCTION 

O NE of tile most obvious and pi'essing needs in the peTforinance of ma.jor 
cardiovasculai' surgery is for a tj'pe of vascular clamp ivliich M-ill not 
cut through, crush, or perforate the delicate structures involved. The clamp 
must hold securely without danger of slippage. If, for certain conditions, it 
also can provide for suturing of approximated vascular walls without the 
necessity for prior division of their substance, a great additional advantage 
is obtained. Thus, each end of a patent ductus arterious might ho occluded 
by separate mattress suture lines before interruption of its continuity. Like¬ 
wise, the base of a ventricular aneurysm might be sutured before amputating 
the sac, 

DE.SCRU>TION OF CLIJIPS 

The first of these clamps to be devised was the fenestr.itcd aoitie clamp 
(Pig. 1, A). This clamp was patterned after the large Satinsky aortic clamp. 
With the Pillingt Atraugrip surface of closure, it provides secure holding 
ability without risk of crushing or perforating delicate vascular stnictures. It 
is used for repair of the arterial incision cmjilo.rcd for supravalvular approach 
for aortic commissurotomy. The clamps arc designed to bo applied so as to 
occlude the lips of an aortic incision, without compromising blood How through 
the residual lumen After completing the definitive surgery, the everted aortic 
lips are sutured b 3 ' passing a double row of continuous No. 4-0 silk mattress 
sutures through the fenestrations in the blades of the clamp. Thas. a secure he¬ 
mostatic closure ma.v be effected even though onl.v a narrow margin of the aortic 
wall may remain. An additional advantage is afforded in that the clamp legu- 
latcs the depth of tissue through which each needle passes, assuring an even clo¬ 
sure and minimizing the possibility" of aortie tearing. The initial application of 
this clamp was such a success that an entire series of fenestrated elam]is has been 
designed for other uses in cardiovascular suigcry. 

A fenestrated aortie clamp, in two sizes, was devised to facilitate plication 
of the aortic vahe annulus (Fig. I, 111 and 113 ). This techniiine is effective 
in the treatment of aortie insuflficicncj' when the valvular patholog.v consists 
basically of a relative or actu.il dilatation of the annulus. Th<> beak of this 

ThS-? work <lonp tlurinir tJic tenure of *1 Xational Heart Institute Tr»tinee‘ihlp in 

Tlttiracic Surgerj at Halinvnlann Medical CollcfF* .m.l Hospital 
Received for publication July 30, 1057. 

•Professor and Head of the Department of Tiioncic SurKerj, llaiinetninn Aftdlcnl 
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to liold sntiu'es easily. The damp then may be removed and the sutuie line 
leinforeed with a continuous running suture, assuring a double row for adc- 
(luate hemostasis. 

Tile pulmonaiy artery clamp was constructed with angulatcd jaws which 
close in a duckbill fashion (Pig. 1, F). This slotted clamp was devised for use 






1—Aortic ^teno*«fs clamp, fcnostratc<T Thi<* clamp fs (n repair of the 

arterial Incision used in aortic cottimissurotoin>. 

UI and Aortic insufficiency clamp, fenestrated. This clamp Is U‘»cil for plication 
of the ba'<e of the aoita in the correction of aortic instifflclency’’ by cross fusion of the 
annulus 

C, Ductus arteriosus clamp, fenestrated. The Jaws are flattened and thin Before 
division of the ductus, each end is sutured through the fenestration Then the ductus may 
be (Ihiiletl between the two clamps without risk of possible slippage ami se\ere htmorrhige 

D, Coarctation clamp, fenestrated. The Jaw of the clamp Is longer and hea\Ier than 
the ductus type. They* pro\lde a more certain grip upon the ends of the divided aorta. 

U, Ventricular clamp, fenestrated Tliis clamp was modiffed by applying teeth to the 
lower edge of the jaw. This allows a firm grip on the myocardium while any Intraluminal 
clot Is flushed from between the Jaws of the partially* opened clamp by* incising the fundus 
of the aneurysm 

r. Pulmonary clamp, fenestrated. This clamp la designed for clamping, suturing, and 
surgical Interruption of an aortic septal defect. 

O, Curved clamp, fenestrated. This clamp Is designed far excluMon of a portion of the 
aoita or of the atrial wall 

IT, Modified Cow lev aneurysm clamp, fonestrateil This cl de 

clamping of the base of an aortic aneurysm 



550 


BAILEY AND MUSSEK 


J. Thorjcjc Surp. 
April, 1958 


clamp is straight, hut scalloped, allowing it to he applied to include a portion 
of the annulus at its tip. 'While the instrument coneeivahly might he applied 
in a closed type of operation, it is intended for use in the open technique, a car¬ 
diopulmonary bypass being employed during the actual surgical procedure. 
The right atrium is mobilized to expose the right posterolateral sinus of Valsalva. 
This fenestrated aortic clamp may be applied so as to plicate the portion of the 
annulus which subtends the posterior, noncoronary bearing cusp. This creates 
a functionally bicuspid valve. The insufficiency is obliterated due to the rela¬ 
tively greater reduction in the cross-sectional area of the aortic orifice than in 
the circumference of the annulus (% versus %). The two remaining cusps 
become competent by reason of the reduction in the remaining valve area. 
At the conclusion of the annular plication, that portion of the sinus of Valsalva 
and of the ascending aorta which is grasped by the blade of tlie diagonally re¬ 
applied clamp is sutured througli the fenestrations in a continuous mattress 
fashion. This extension or elongation of tlie zone of narrowing reduces the 
diameter of the aorta for some distance above the valve and relieves to some 
degree the tension which otherwise necessarily would be borne entirely by tlic 
sutures in the annulus itself. 

Fenestrated ductus arteriosus clamps, in two sizes, have been designed to 
permit suture closure of the ends of this structure prior to actual division (Fig. 
3, C). The gripping surface of these clamps is made narrower to facilitate 
their use in children and in patients with a short ductus arteriosus. AVhen 
division has been decided upon, the ductal lumen is obliterated by sutures placed 
throi^gh each of two slotted clamps. The dxictus then may be divided between 
the clamps without the risk of possible slippage and severe hemorrhage. The 
clamps are removed separately from the ductal ends, permitting methodical 
oversewing and additional sutures sliould stitch hole bleeding occur. 

A similar type of clamp has been developed for use in coarctation of tlie 
aorta (Fig. 1, D). The jaws of these clamps are longer and of heavier con¬ 
struction than the ductus clamps. The double line of compression and the in¬ 
tervening slots of these clamps provide a more certain grip upon the ends of 
the divided aorta, do not crusli or perforate the tissues, and practically pre¬ 
clude the possibility of slippage. 

The aortic stenosis clamp has been modified as suggested by jMorse for use 
in resection of aneurysms of the left ventricle (Fig. 1, E). This ventricular 
clamp has long angulated teeth attached to the inferior margin of the gripping 
surface (limb below the fenestration). The clamp is applied to the aneurysm 
so that when closed it will approximate the cicatrix at the base of the sac. 
The teeth prevent .slippage during the next step. The fundus of the aneurysmal 
sac is incised Avidely Avith the clamp clo.sed only partially (but Avith teeth se¬ 
curely engaged). Any contained loose clots are flushed out of the sac by the 
force of the next ventricular contraction. Then, the clamp is closed com¬ 
pletely and the aneurysmal portion of the scar is excised. Heavy nonabsorb¬ 
able mattress sutures arc used for the repair, being placed through the fenestra¬ 
tion in the clamp. The 'tissue about the base of the sac is sufficiently fibrous 



LUXO EXCLUSION' CLAMP" 

A Nkw Instrt mcnt for \Vi dge Er,->rCTioxs 

Theodore R JIud'-ox, 31 D. 

Chic 400, III. 

A CEiUMP has been devised whieli will be helpful in perfonning wedge 
resections for isolated pulmonary nodules and for lung biopsy. In the 
use of two curved clamps to evclude the wedge ot lung to he removed, theie Is 
generally a certain araonnt of unavoiilable awkwaidness in cooidinating the 
movements of the two clamps white laying the fiist lino of sutmes. Also, 
there is frequently a bleeder wheie the points of the two clamps meet but fail 
to .secure the amputation line completely 'While these difficulties aio ceitainly 
not monumental, they are annoying and may be time-consuming They are 
eliminated, by this new instiument. 



TECHXIQLE 

The lung exclusion clamp is applied to the wedge of lung to be remosed and 
the lock set down. The clamp has a soft action and will not mangle pulmonary 
tissue. A running mattress suture is taken below the clamp and close to it and 
tied at each end, leaving a 2-inch tail for traction at each knot. The wedge of 
lung is e.Kcised inside the clamp and close to it, and the instnimcnt removed. 

From the Surgical Department of Xorth^vextern UBl'‘ersity Medical School and the 
Surgical Ser^ Ice, Chicago Wesiev Memorial Ho^pitaL 

Recei\ed for publication July 13, 1957. 

•Made by George P. PlUlng ^ Son Company, P 
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in aortic septal defects (aorticopulmonary fistulas). Two parallel slotted clamps 
are applied across the communication. Mattress suUxros are passed through 
tlie fenestratiojis to secure intimal approximation. Both ends of tlie fistulous 
passage are tlius sutured before the communication is divided. After division, 
the clamjis are removed and the .suture line is reinforced witli a continuous 
row of No. 5-0 silk applied to the cut }nargins. 

A curved damp has been designed to exclude a portion of the wall of a 
vascular compartment such as the aorta, a great vein, or an atrium (Fig. 1, G). 
Such a clamp is useful in excision of arterial aneurysms, in the closure of tears 
in the atrial wall, and in partial resection of the left atrium for extensive 
bronchogenic carcinomas. The Atraugrip jaws assure a firm even grip while 
the defect is closed by placement of continuous or interrupted mattress sutures 
through the fenstrations. 

Fenestration and an Atraugrip surface have been added to improve the 
Cowley aneurysm clamp (Fig. 1, 77). The fenestration again offers the added 
advantage of ease of suturing with minimal chance of .slippage. Firm approxi¬ 
mation of the lips of the aneurysmal neck or base is maintained by a nut which 
is used to approximate the jaws of the clamp. 

SUMM.VUY ANT) CONCLUSIONS 

The incidence of slippage and po.s.sible laceration of the aortic wall has 
been reduced markedly during transarlerial aortic commissurotomy by either 
the closed or open techni(jue since the adoption of the fenestrated clamp. The 
jaws are designed with the Pilling Atraugrip surface for even nonslipping 
fixation of the structures grasped. This Atraugrip surface is present on both 
margins of the fenestration. In effect, the holding ability is that of two similar 
parallel clamps of the nonfenestrated type with the added significant advantage 
that slight extrusion of the tissue surface thi'ough the intervening slots pro¬ 
vides. The wide gripping surface of the clamp offers secure hemostasis with 
les.s pressure upon the blood vessel Avail. 

A series of fenestrated clamps for use in cardiovascular surgery has been 
developed. These clamps offer the advantage of a double Atraugrip surface Avith 
an intervening slotlike fenestration and provide a convenient method of secur¬ 
ing adequate hemostasis Avith minimum risk of tearing, crushing, or perforation 
of the tissues. 
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1 III iccorcldnce ^Mth the Bj Lius of the Vs«ociatioii the pipers uhich ire reid it the 
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Eulogy Evarts A. Graham, b^ Tom Burford 

1 Further Studies in the Surgical Management of Carcinoma of the Lung 
Eduard D Churchill, Richard H Sweet, J Gordon ^cannell, and Larlo 
\\ilkinjs (b^ in\itation), Bo'‘ton, Mass 

2 Should We Insist on Radical Pneumonectomy ’ as a Routine Operation 
for Carcinoma of the Lung? Julian fohnson, Charles K Kirb\, anl 
^\ ilham S Blakeniorc (b\ mxitation), Philadelphia, Pa 

T Results in the Treatment of Bronchogenic Carcinoma—An Analysis of 
1008 Cases. NoI Peiiter (b\ iiiMtition), Miami, >la, ind Thomas H Bur 
ford ‘^t I ouis, ^lo 

4 Coronary Artery Disease After 25 Years riuide'^’ Beck flex eland, Ohio 

5 The Clinical Significance of Cor Pulmonale in the Reduction of Cardlopul 
monary Reserve Following Extensive Pulmonary Resection. I\ininni I 
Adams, Robert \V Ifarnsoii (b\ invitation), Eduin T I ong (b\ invitation), 
and Benjamin Burrous (bv invitation), Chicago, Ill 
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Kill. 2.—^'reclniiqxio for use. It is iiDportanl to place the runiilnir mattress suture 
below the clump before excising the speeimen because the action of the iustrument is so 
soft It will not hohl the lung if the specimen Is cut out llrst. 


The hiiig may be hold up by traclion on llio knot tails as the same suture is 
brought back to the starling point as a continuous lock-stitch, taken a hit 
deeper than the lirst suture line. 

The clamp is 32 cm. in length and the opening in the jaws is G.3 cm. across. 
This opening will accommodate the largest nodule one would care to i-esoct by 
this method and will, of course, accept anything le.s.s, so that more than one size 
is not required. 
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Suction Tube Drainage Elton T\atkin<s, Tr and Vlexandcr C Henng (bv 
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G. Effect of Severe Unilateral Hypoxia on the Partition of Pulmonary Blood 
Flow in Man. Aaron Hiiiiiiielsteiii, P. Harris (by invitation), II. AV. Fritt.s, 
.Jr. (by invitation), and Andre Cournand, New York, N. Y. 

Friday Afternoon, May 16, 1958 
2:00 t’.M. Scientific Session: Rkcuiau Puoguam 
Address by the President, Brian Blades, AVasliington, IX C. 

7. Surgical Treatment of “Atypical” Patent Ductus Arteriosus. Williaia P. 
Young (by invitation), George G. Kowe (by invitation), Antliony R. 
Gurreri, and .Tosepli W. Gale, Madi.son, Win. 

S. Intrathoracic Aneurysms of the Aorta—^Analysis of 160 Cases Treated by 
Kesection. Michael E. DeBakcy, Benton A. Cooley, E. Stanley Crawford 
(by invitation), and George C. Morris, .Jr. (by invitation), Houston, Texas. 

9. Experiences With the Davila-Glover Purse-String in the Correction of 
Mitral Insufficiency: A Critical Appraisal. Edward Al. Kent, William 
B. Ford, .Toliu P. Neville, .Tr. (by invitation), and Bon L. Fi.sher (by invita¬ 
tion), Pittsburgh, Pa. 

10. Technical Considerations in Decortication for the Pleural Complications of 
Pulmonary Tuberculosis. Paul C. Samson, Duane L. Merrill (by invitation), 
David .T, Bugan, Oakland, Calif., E. .T. Shabart (by invitation), Livermore, 
Calif., Louis Barljer (l)y invitation), Stockton, Calif., and Jame.s A'ee (by 
invitation), Oakland, Calif. 

11. Achalasia of the Esophagus—^Further Thoughts on Surgical Management. 
William M. Tuttle, Detroit, Alich., and Robert T. Crowley (by invitation), 
AVilliamson, W. Va. 

Saturday Morning, May 17, 1958 
8:30 A.M. Scientific Session: TnOKACic St’nOEKY FoiiUM. 

12. The Simplified Stationary Screen Pump-Oxygenator. Jerome Harold Kay 
(by invitation), and Robert M. Anderson (by invitation), Los Angeles, 
Calif. 

13. Comparison of Relative Merits of Occlusive and Nonocclusive Pumps for 
Open Heart Surgery. Paul C. Hodges (by invitation), C. AValton Lillehei, 
Richard Cardozo (by invitation), Andre Tlievenet (by invitation), Minneap- 
oli.s, Minn. 

14. Cardiac Bypass Without Artificial Oxygenator. W. T. Alustard (by invita¬ 
tion), W. .Sapirstcin (by invitation), and Denise Pav (by invitation). 
Sponsored by F. G. Kergin, Toronto, Canada. 

15. Monitor and Control of Blood Oxygen Tensions and pH During Total Body 
Perfusion, Leland C. t?lark, Jr. (by invitation), Samuel Kaplan (by invita¬ 
tion), Edward C. Matthews (by invitation), F. Kathryn Edwards (by in¬ 
vitation), and James A. Helm.sworth, Cincinnati, Oliio. 

IG. Experimental and Clinical Studies of Controlled Hypothermia Rapidly 
Produced and Corrected by a Blood Heat Exchanger During Extracorporeal 
Circulation. Ivan AV. Brown, Jr. (by invitation), AA’irt AV. .Smith (bj 
invitation), AA’’, Glenn Young (by invitation), and AV. C. Scaly, Duriiam, 
N. C. 

17. Cerebral Blood Flow and Brain Afolume Changes in Extracorporeal Circu¬ 
lation. Max M. Halley (by invitation), Keith Reemtsma (by invitation), 
Manuel Bresler (bj- invitation), and Oscar Creech, Jr., New Orleans, La. 

IS. Clotting Deviations in Man During Cardiac Bypass—^Fibrinolysis and 
Circulating Anticoagulant. Kurt von Kaulla (by invitation), and Hear} 
Swan, Denver, Colo. 
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3IAXI3IAL RECONSTITUTION OP THE STENOTIC 3IITRAL VAL3''E BY 
NEOSTROPHINGIC 3I0BILIZATI0N (REHINGING OP THE 
SEPTAL LEAPLET) 

Charles P. B uley, 3I.D., aud Teruo HmosE, 3I.D. 

- PUILADELPHU, Pa. 

D uring the S yeans vfhich have elapsed since the initial ptescntation* by 
one of us (C. P. B.) of the first successful modern-type operation for mitral 
stenosis, many logically to be e.xpected advances have taken place in our under¬ 
standing of this disease, in our medical and surgical management, and in our 
operative technique. 3Iembers of tlie medical profession, although skeptical and 
reluctant at first, liave accepted the initially proposed procedure with wliat 
has seemed to the innovator to be unbridled and uncritical enthusiasm. This 
operation lias been described under the names “commissurotomy,”' “valvu¬ 
lotomy,”' “valvuloplasty,”' and “valvotomy,”' although all of tlicse terms liavc 
indicated an essentially identical technique. Tiiose who have raised their voices 
against tlie widespread application of the method or its accomplishments, al¬ 
beit often for reasons which subsequently have been shown to bo invalid, grad¬ 
ually have been overwhelmed by the increasing weight of favorable medical 
opinion. 

Today, it is the unfortunate duty of your authois to confirm the over-all 
conclusion of the dissenters that this is in many respects a disappointing proce¬ 
dure, and to suggest in its stead a more logical and more extensive operative 
mobilization of the mitral valve based upon a different mechanical principle 
which we hope and believe will overcome the disadvantages and shortcomings 
of the older technique. In order to avoid the possibility of confusion with the 
original operation for mitral stenosis, we suggest an entirely new descriptive 

Thfs MOrk iNa** supported In part by The Mao' Bailey Foundation for Heart and Great 
Vessel Research. Philadelphia, Pa. ■' a., 

Recel'ed for publication July 30, 1957. ^ 
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33. Pectus Excavatum: An Appraisal of Surgical Treatment. Paul C. Adkins 
(by invitation), and Owen Gwsithmcy, AVashington, D. C. 

34. Hypoventilation, Hypoxia, and Acidosis Occurring in the Acute Postopera¬ 
tive Period. E. Maurice Hood (by invitation), and Artliur C. Beall, Jr. 
(by invitation), Oakland, Calif. Sponsored by Prank Gerbode, San Prun- 
cisco, Calif. 

35. Clinical and Hemodynamic Evaluation of the Surgical Correction of Aortic 
Stenosis. Dwight E. Harken, Harrison Black, Warren J. Taylor (by invita¬ 
tion), Wendell B. Thrower (by invitation), Harry S. Sorotf (by invitation), 
Steven Lunzer (by invitation), and Eoy II. Clauss (by invitation), Boston, 
Mass. 

3(5. The Surgical Treatment of Anomalous Pulmonary Veins. Henry T. Balm- 
son, and Frank C. Spencer (by invitation), Baltimore, ild. 

Sirnddi/ Afternoon, May IS, 195S 
2:00 i-.xt. Sciontitic Session; Ekoulak Pkoguam 

37. Pulmonary Eesection in the Treatment of Tuberculosis—^Experience With 
1,700 Cases. Eaymond J. Barrett (by invitation), Kichard Janko.ska (by 
invitation), J- Claude Day, Paul V. O’Rourke, and E. J. O’Brien, Detroit, 
Mich. 

38. Pulmonary Infarction Complicating Segmental Resection. .Tohn 51. Salyer, 
and Harold N. Harrison (by invitation), Denver, Colo. 

39. Creation of a Temporary Artificial Ductus in the Surgical Correction of 
Ventricular Septal Defects Associated With Severe Pulmonary Hyperten¬ 
sion: A Two-Stage Operation. Howard D. Sirak (by invitation), and 
Don M. Hosier (by invitation). Sponsored by H. William Clatworthy, .Tr., 
Columbus, Ohio. 

40. Corrective Surgery in the Presence of Far-Advanced Pulmonary Hyperten¬ 
sion. C. Walton Lillehei, Donald J. Pergiison (b}' invitation), and Richard 
L. Varco, 51inneapolis, Minn. 

41. Surgical Treatment of the Tetralogy of Fallot by Open Intracardiac Re¬ 
pair. John W. Kirkliu, F. Henry Ellis, Jr., and Dwight C. AIcGoon (by 
invitation), Rochester, Minn. 

42. Atrial Septal Defect, Secundum: Observations on One Hundred Patients 
Treated by Open Operation. Henry Swan, Denver, Colo., D. Hywel Davies 
(by invitation), and S. Gilbert Blount, Jr. (by invitation), Denver, Colo. 
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completely mobilized leaflets cannot become separated freely during diastole 
if they continue to be bound together by cross-fused cliordae or by a diicetly 
adherent papillary muscle (Pig 2). 

With the passage of time, certain significant modifications weie added to 
the original operative technique. These included “flush-out” of the tlirombosed 
appendage®’ and temporary occlusion of the carotid circulation,®’ both 
techniques having been designed to lessen the incidence of serious aiterial em¬ 
bolization. A very impoitant innovation was the “ bare-finger ” method oiig- 
inally suggested by Husfeldt -- The increased tactile sensibility facilitates ac¬ 
curacy of orientation, permits a inoie effective application of digital disruptive 
pressure, and ensures critically accuiate guidance of any necessary instrumenta¬ 
tion. 



2 —Strictured orlflce in a heavily flbio«ed \aUe (Troj/i Bailey Surirerj of the Heart, 
ed 1, Philadelphia, 1955, Lea &. Feblucr, p S15 ) 

Appreciation of the inipoitance of alterations in the subvalvular supporting 
structures, as described by Brock,* led to the development of definitive methods 
for relief of any such subvalvular stenosis by Haikem® and especially by Nichols 
and Jamison.®* 

The development and perfection of the iiglit-sided approach to the mitral 
valve*®’ ®®'®® brought about a revolutionary advance in the technical facility 
with which the stenotic mitral valve mechanism can be mobilized At fii'st this 
piocediire amounted merely to a superior type of commissurotomy. It ivms. 
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name for the procedure: neostrophingic mobilization of the septal leaflet. This 
is derived directly from the classical Greek: neo —new, and strophings —hinge, 
meaning a new hinging of the septal leaflet. 

The original ‘ ‘ corrective ’ ’ operation for mitral stenosis consisted essentially 
of the insertion of the operator’s index finger througli an incision made in the 
tip of the purse-stringed left auricular appendage in order to palpate the stenotic 
mitral valve orifice, and to split apart tlie fused leaflets at either or both ex¬ 
tremities of the diminutive slit or, failing in this attempt, to effect an instru¬ 
mental section of the commissures by a valvulotome inserted through the ap- 
pendage.'^"" In some clinics, the valvulotome amounted merely to a ring with 
a cutting edge which was worn upon the fiiiger tip.® Some operators have used 
only a dilating mechanism to accomplish an enlargement of the valve orifice.®- 

In nearly all instances, the surgical principle employed has been that of 
sepai-ating the fused valve leaflets at the commissures, essentially a lengthening 
of the diminutive valve slit (Fig. 1, A and B). Appreciating that the most 



A. B. 

Fig-. 1.— A, Original concept of diminutive stenotic valve slit with flbrosed (in black) 
margin completely surrounded by flexible valvular tissue (shaded). 

B, Original concept of simple linear lengthening of the valve slit by incision or splitting 
at each extremity. It was felt that once the marginal tissue had been divided well through 
the scar and into flexible tissue, a great portion of the natural "flutter-valve” action woum 
be restored without the creation of any regurgitation. (From O’Neill. Glover, and Bailey: 
Commissurotomy for Mitral Stenosis, J. Internat. Coll. Surg. 8: 359, Fig. 7. 1950.) 

basic (although this admittedly is an oversimplification) action of the normal 
mitral valve is that of the flutter valve, cardiac surgeons were confident tfiat 
they were restoring, in inverse proportion to the extent of intrinsic pathologic 
change, a portion of the normal-type valve action. With the valve so mobilized, 
little or no regurgitation is created. Since even a rather slight restoration of 
valvular function may suffice to bring about great clinical improvement in pa¬ 
tients with mitral stenosis, surgeons and cardiologists alike were delighted with 
the immediate benefits. They were not seriously disturbed by the usual persist¬ 
ence of typical auscultatorj'’ evidences indicative of residual mitral stenosis.” 
Nor were they concerned ivith the lilvelihood of the development of recurrent 
mitral stenosis,®- although examination of typical pathologic specimens in¬ 
dicated that the severely stenotic mitral valve had become converted essentially 
into a fibrous stricture (Fig. 2). 

The frequent reinforcement of the primary leaflet fusion by subvalvular 
changes’- ®- ’® largely has been ignored although it is very evident that even 
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tlie line of valve closure normally is so curved that it constitutes practically a 
semicircle. This ideal orifice is a far ery from the original surgical objective 
of simple linear elongation of the valve slit (see Pig. 1). Nevertheless, if the 
mutually adherent valve leaflets consistently remained thin and fle.vible, 
it would be easy enough to accept a slight modification of this concept of linear 
elongation, the appropriate line of separation merely being e-xtended in arcuate 
fashion. It must be admitted that in certain lightly fused valves with but 
slight fibrous change, such a mobilization will accomplish a nearly ideal mechan¬ 
ical result, the original flutter valve being funetionally re-established. 



Fig 4.1—^Diagrammatic illustration of equal extents of mvoheinent of both leaflets by 
the rheumatic process The distal third of the septal, but the entire apicobasal length of the 
mural leaflet are thickened and fibrosed. Contraction of the chordae of the third order may 
dra^A the shrunken mural cusp against the \entrlculai wall. 

However, in actual practice, the finding of such a minimal degree of patho¬ 
logic change in mitral stenosis is exceptional. Usually the entire mural leaflet 
is shrunken from free margin to base, is tliickened and fibrosed—perhaps in¬ 
filtrated with calcific salts. This involvement may extend equally for the entire 
annular and marginal length of the mural leaflet or it may be limited or con¬ 
centrated toward one pole of the valve. Sometimes the pathologic change in¬ 
volves chiefly one of the original valve commissures—more often the “posterior.” 
However, in most patients who come to surgery the majority of the lengtli of 
the mural leaflet is so carnified, so shrunken, or so retracted against the ven¬ 
tricular wall that it is inconceivable that any worth-wliile mobilitj- could be 
imparted to it. In all probability the maximal functional value of this altered 
leaflet lies in the fact that it presents an immobile ridge or siiclf extending into 
the atrioventricular cliannel against which tlie surgically mobilized septal 
leaflet can abut to provide valvular competence. Undoubtedly this rigid pro¬ 
jecting slielf impedes to some degree atrioventricular blood flow. Bccanse»oI 
the relatively large size of the total atrio'- ^?v^r passagew lis impcc 
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of tlie various stops entailed in the surgery of the stenotic valve would he in¬ 
tegrated consciously into a significantly advanced concept for maximal restora¬ 
tion of vahular function. 

'While Chiechi-" and others''- have attempted to describe in detail 

the movement and function of the various eomponents of the mitral valve mech¬ 
anism, for the purpose of simplification and clear surgical understanding, the 
major mitral valve leaflets may be considered to act in the same manner as the 



Fig. 3.4.—Tlie septal leaflet of the mitral vahe beingr sliapcil like a wedge or a tiun- 
cated triangle does not peiuut the two freely sejiaratcd cusps to become appro-s.iniated m a 
straight hue. (From Bailey: Surgery of the Heart, ed. 1, Philadelphia. 1955, l.ea cS. 
Febiger. p 492.) 



Fig. SB.— 
va]\e. (P/om 
491.) 


fearly semicircular line of closure which is characteristic of the 

lailey: Suigeiy of Uie Heart, ed. 1, Philadelphia, 1955, Lea & Febiger, p 


two lips of a flutter valve. However, since the septal leaflet is considerably 
longer from free margin to basal attachment (on the annulus fibrosus) t lan i 
the mural, obviouslj* the flutter-valve action must be an eccentric one. 
largely because of the triangular shape of the septal leaflet (Figs. 3/ an o , 
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mural leaflet. When they become tliickcned and contracted due to tlie organiza¬ 
tion of inflammatory exudate accumulated upon their surfaces and within the 
angle formed by the junction of the ventricular aspect of the mural leaflet ■with 
the iimer endocardium of the left ventricular wall, they may draw the mural 
leaflet toward or even against the ventricle (Fig. 4-1). In extreme instances, 
this retraction may cause regurgitation because it can amount functionally to 
an absence of the mural leaflet over a given area. In most eases the leaflet con¬ 
tinues to project as a rigid though diminutive shelf. 

An equal extent of rheumatic involvement of both leaflets from the free 
margin basally will carnify (or calcify) only one third of the septal leaflet while 
an equivalent amount of pathologic change will render practically the entire 
apicobasal length of the mural leaflet eompletelj’ rigid. In other words, rheu¬ 
matic thickening and fibrosis of the septal leaflet nearly always is limited to 
the distal (marginal) third, the middle and basal thirds remaining thin, flexible, 
and grossly free of disease (Figs. 4B and 40). This observation is basic to 
the concept of “rehinging” the septal leaflet (neostrophingic mobilization). No 



A. B. 

Pig 5—Diagrammatic representation of characteristic flmlings in se\ere mitral steno¬ 
sis Note total fibrosis of central portion of the mural leaflet 

B, Extensive mobilization of the septal cusp from the rest of the (continuous) \al\e rib¬ 
bon. so that the cleavage extends into fullj flexible tissue at either pole provides free hinging 
upon its middle third, unless restricted by cross-fusion of the subvalvular supporting structures. 

matter how rigid or calcified the septal leaflet may seem on fii'st palpation, 
complete mobilization from the mural leaflet (and the junctional tissues and/or 
commissural leaflets when present) to a point at either extremity wliich is 
beyond any gross tluckening or disease (usually slightly beyond the original 
location of the commissures) -(vill enable the septal leaflet to bend freely upon 
its middle uninvolved zone unless restricted by cross-fusion or shortening of 
the chordae tendineae or by a direct adherence of one or both papillarj’ muscles 
to the valve apex (Fig. 5, A and B). While we have recognized such direct 
papillary attaeliment in only 30 per cent of stenotic valves at the time of 
surgery, it is readily apparent to the examining finger that a considerable re¬ 
striction in tlie degree of possible leaflet divergence is present at one or both 
poles in more tlian half of all operated cases (Fig. G, A and B). Usually tiiis 
is due to a shortening of the normal “yoke” of suspension created either by 
shortening of the chordae or by an apical lengthening of the tmlve leafh;) due 
to accretion of organized exudate as described by Brock,“ th. 7 




564 


BAILEY AND IIIBOSE 


J. Tlioracic Surr. 
May. 1958 

must be slight. For tlio sake oE surgical thiiikiug, the .iunctional tissues-" may 
be cousidered to bo part ol the Icngtli of the mural leaflet since tliey are subject 
with it to a similar process of deformation. 

Paravisini-Parra"' has postulated that the mural leaflet of the mitral valve 
is more susceptible to the ravages of the rheumatic process than is the septal 
and it is true that extreme degrees of jjutliologic involvement and retraction 



Kin: !/>■—Pliotogrupli .sliowliifr tctnictt'd ouinlllcd iminvl leadul {(') and flbrostb of thp distal 
portion of the septal leaflet (b). Note thin flexible basal portion of latter 



FIk. AO .—Similar pliotogtapli of a specimen of mitral stenosis in which the 
i.s not letracted but in which the characteristic disproportion >-«>aUvc pei cent of m^ol 
ment of tlio lespectivc cusps is .shown. Note thin flexible proximal portion of septal leanci. 


do appear to be more frequent in this leaflet than in the septal. However, this 
may be more apparent than real because of anatomic differences in the respective 
structures of the two leaflets. The chordae of the third order attach only to le 
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Once the septal leaflet Ins beta mobilised from the rigid mural leaflet and 
junctional tissue, the separ rtion bcii ^ cxtinded fully to its flexible inid-poition, 
providing any subvalvular restnction has been eliminated, it will swing freely 
like a great sail in respous o tl e hvdrodvnamie stresses natural to this region 
Its free margin diveia: s i i 11 alii ivcntiiculdi channel during ventiic 
ular diastole and letuins di i „ t 1" to abut against the passive mural ridge, 



FiK 7—1 Urhl Mcw of 
position) 

B, S-ime \alve m opened 

at all 


stenotic mitral ^al\e after neostrophlnjjlc mobilization (closed 
position Note timt the ftbro‘?ed mural leaflet mo\ea little it 


providing competence' Tims, tlie “flutter valve” action of the noimal bicus 
pid mitral valve is replaced by a “flap valve” action of the now neailv uiii 
cuspid mitral valve,'' a chaiacteiistic mechanism in certain other vertebrate 
species (notably the turtle) "While such raodifiedf valve action ohviousl} is not 
entirely noimal to the human subject, it is, an efficiei tional 
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Only by extensive longitudinal splitting of the restricting pathologic chor- 
dopapillary complex (when present) can this binding or limitation of valve 
movement be abolished! In most instances, this will necessitate complete longi¬ 
tudinal splitting of the papillary muscle (perhaps initiated by direct incision 
at the “crotch” of the suspension) fully to its ventricular origin. Fortunately, 
such longitudinal separation of the papillary muscle does not influence its 
ability to support the respective leaflets and, hence, does not tend to diminish 
valvular competence (Fig. 6, C and B). 




Piff. G.—Diagrammatic illustration of shortening of the normal ‘'yohe” of 
of the mitral valve. This restricts possible leaflet divergence. It may be of 

shortening of the fibrosed chordae or by "lengthening” of the leaflets due to oigamzauoi 
exudate deposited upon tlieir free margins. „taKe 

B, Direct adherence of chordopapillarj' fusion mass to valve apex due to extreme 

of this process. mniliary 

C, Complete rehinging of septal leaflet by extensive longitudinal splitting ot tne pap 
muscies as well by total mobilization of this leaflet from the rest of the ial\e ubbon. 

D Even though the mural cusp is rigid and immobile, free flap-like movement 
seplal leaflet provides excellent valve action and full competence. 
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RESULTS OF NEOSTUOPHINGIC MOBILIZATION 

Because of increasing dissatisfaction with even the improved commis¬ 
surotomy procedure possible by the right-sided approach,-”’ the described new 
concept of a mctiiod for complete reconstitution of v-alve action was born. 

In spite of the evolution of this concept of rehinging of the septal leaflet 
which would seem to approach the surgical ideal, we have not always succeeded 
in accomplishing this objective in practice. Among 227 consecutive patients 
who have been operated for essentially isolated mitral stenosis at our clinic 
since the deliberate application of this principle surgically for the first time 
on Sept. 26, 1955, it is felt that a completely satisfactory mobilization was ac¬ 
complished in only 70 per cent (Table I). In 20 per cent, the technical achieve¬ 
ment (although less than desired) was considered to be equal or superior to that 
which would have been produced in the same individuals by the older technique 
of commissurotomy. In most instances the failure was related to termination 
, of the mobilization prior to logical completion because of the beginning develop¬ 
ment of a regurgitant jet at one or both commissures. 


Table I. Es’nM.vxEs of Accomplishmest is Eestoe.wios op the Mite.vl Valve, Both 
An-vtomically and Functionally 


Anatomic opening function 100% 

More than 90% of ■valve function restored 

Acceptable (over 70% of function re-established) 
Unsatisfactory results 

Limited vahnilar opening 

Increased or created regurgitation 

Subvalvular fusion not completely relieved 

50) 

lOCf 

24—10% 
19— 8% 
5— 2% 

156 

23 

48 

70% 

10% 

20% 

Total 

227 Cases 




Instrumentation was employed in 181 patients (Table II). 


Table II. PnoroaTioN of Dioit.m, .and Instkument.al Mitkal Sepahation 


Both commissures opened 



218 

Left and right knife used 

100) 



Left knife only used 

53t 

175 


Right knife only used 

22 j 



Digital only 


43 


Anterior commissure only 



5 

Left knife used 


4 


Digital only 


1 


Posterior commissure only 



4 

Right knife used 


2 


Digital only 


2 


Total 



227 


Kegurgitation of greater than l-i degree was created (or e.Yaggerated) in 
19 patients. However, 76 patients have manifested a new .systolic murmur 
postoperatively (Table III). Since many of thc.se patients presented tricuspid 
disease, this sign is considered of uncertain significance. 

Calcification of the valve ivhicli was considered severe in 34 instances did 
not seriously reduce the surgeon's ability to achieve a satisfactory mobilization 
(Tables IVA and IVB). 
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mechanism. IMorcover, it is one wliich can be established by surgery in most 
patients with mitral stenosis, Avhereas a normally functioning “flutter-valve” 
can be restored but rarely (Pig. 7, A and B). In tliose relatively rare instances 
of very slight deformation, a similar type of surgical mobilization merely results 
in an exquisitely perfect normal type of bicuspid valve action since, in actuality, 
it then amounts to a complete renovation of the valve. 

DISADVANTAGES OF PREVIOUS OPERATIONS 

While the objections to the former method of commissurotomy apply with 
especial force to those procedures which have been performed through the 
disadvantageous left-sided approach, they also are pertinent in lesser degree 
to similar operations performed from the right. It was as much limitation 
of the earlier concept which restricted the surgeon’s operative initiative as 
the technical faults in his approach. 

The fundamental criticisms are the following: 

1. Because of technical and conceptual limitations, the extent of valvular 
mobilization achieved by efforts at commissurotomj'^ by the older method usually 
amounted to but 20 to 30 per cent of the ideal. In two thirds of the patients, 
but one commissure was opened.*' ’* It is believed that the per cent of func¬ 
tional restoration usually has been signifieantlj’- low. This has been attested 
by the consistent persistence of auscultatory manifestations of mitral stenosis 
after surgery as well as by physiologic evidences of residual obstruction at the 
valve level. 

In many instances this residual stenosis was reinforced and aggravated by 
an element of subvalvular stenosis, usually unrecognized and less often relieved 
(now believed to be present to a significant extent in more than half of these 
patients). 

2. Inadvertent production of significant mitral regurgitation. This was 
a logical and not infrequent end-result of the customary employment of the 
clumsy and inefficient left-sided approach and the uncertain orientation which 
it affords. 

3. Unsatisfactory clinical course of operated patients. AWiile it is felt 
that over 75 per cent of patients receive significant benefit from a mitral com¬ 
missurotomy operation, in many cases this has amounted merely to prolongation 
of a life of invalidism rather than to the rehabilitation which an ideal correction 
of the mitral obstruction might have offered. 

4. The increasing evidence that mitral commissurotomy is attended by a 
high incidence of recurrence of mitral stenosis after the elapse of several years.^ 
It is believed that 20 to 40 per cent of patients operated by the older technique 
will suffer from restenosis and ultimately will require repetitive surgery. 

5. A seemingly irreducible incidence of arterial embolization due chief!}' 
to dislodgment of thrombotic fragments from a clotted left auricular append¬ 
age.®’ 
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Subvalvular pathologic change was found in 128 patients (Table TA) In 
70 (30 8 pel cent) valves, direct papillaij muscle adherence to the valve apc\ 
Mas recognired at one oi both poles Homcvci, complete lelief of siibialvulai 
stenosis was not accomplished in 20 cases (Table VB) 

Arterial embolization was piodiiced at surgeiy in 7 patients (3 pci cent) 
In 5 patients, this was eeiebral, in 2, periplieial (Table VIA) No limb ampu 

Tible via Incibevce of VrTEPiAL Embolism in 237 Cases of IMitbu Reconstitition 



1 DUMBER OP CASES | 

DF VTIIS 

Cerebnl emboli'^m 

5 (2 2%) 

2 

Peripheral embolism 

2 (0 8%) 

0 


tatioiis were lequiied 'While these accidents were believed to ha\e been pio 
duced by inadiertent dislodgnient of calcific particles fioni the vahe at the 
time of surgerj, it is possible in some that dislodged thrombotic iiiateiial from 
a clotted atiuini was responsible (Table VIB) Howeici, aioidance of the left 
aiiiieulai appendage as an eiitiancc route would seem to hare ieduced the 
likelihood of thrombotic embolization 

Table VIB Eecogvized IvaDENCE of Thrombosis of the Left Atrium 


No thrombus felt 
Thrombus 

Loose fresh thrombus 
Required removal 
Not disturbed 

Placenta like organized thrombus (not disturbed) 


204 

23 (10%) 


13 


Total 


The technical lesults acliieted aie slioun in Tables VIIA and VIIB 
Tabie VII \ Operative MoRTinm of Oiefitions for Mitpii Stenosis 



1 

NUMBER 

OP cases 

j OPERATE E 

DEVTIIS 

Mitral commissurotomy from the left side 
Mitral commissurotomy from the right 
side (before Sept, 1955) 

Neostrophingic mobilization (from Sept, 
1955 to Jan , 1957) 

Good technical result 

More than 907o valvular function 
restored 

Compromi'scd technical result, 

Less than 90% valvular function 
restored 

1,000 

150 

237 

156 

71 

77 (7 7%) 

13 (8 6%) 

11 (4 3%) 

4 (2 3%) 

7 (10%) 

Table VIIB Tue Follow Up Studies of Mitral VAL\ur\r. Reconstitution 
(Mope Thnn 3 Months) 


j EXCEILENT ( 

IMPROVED 

1 

1 DEATHS 1 

TOT U 

Ideal or near ideal func 
tional lahular opening 

G5 

45 

5 

4 

119 

obtained 

(54 0%) 

(37 8%) 

(■t 2%) 

(3 4%) 

(100%) 

Less satisfactory valinilar 

21 


1 

7 

51 

opening established 

(41 2%) 

(43 1%) 

(2 0%) 

(14 7%) 

(100% )^„. 


The diastolic muiniiu and sharp fiist sound of mitial stenosis mcic 
ished (b\ phonocaidiogiapliic determination) in half of the on senes T 
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Table III. Pre- and Postoperative Cuanges in Valve Competence 


preoperative 
GRADE OP 
REGURGITATION 

POSTOPERATIVE GRADE 

NONE I MINOR 

1 moderate I SEVERE 

None 167 51 111 I 

Minor 54 46 

Moderate 6 1 

1 3 2 

! 7 3 

6 


•Seventy-six patients liacl a new systolic murmur postoperatively. 


Table IV A. Incidence op Calcification of the Valve 


No calcification 

Calcified valve 

Minimal degree 

Moderate degree 

Heavily calcified 

152 

75 

41 

23 

11 

(67%) 

Total 


227 


Table IV B. Inpluence o? 

Calcification of the Mitral Valve Upon 

Pinal Functional 


Valvular Opening 



MORE THAN 90% 

LESS TUAN 90% 



FUNCTIONAL OPEN- 

FUNCTIONAL OPEN- 



ING OBTAINED 

ING OBTAINED 

TOTAL 

Fibrotio noncalcified valve 

110 72.4% 

42 27.6% 

152 

Partially or heavily calcified 




valve 

46 61.4% 

29 38.6% 

75 

Totals 

156 

71 

227 

Table V A. Subvalvular Involvement 


Anterior subvalvular changes 
Papillary fusion to valve 
Chordal agglutination 
Posterior subvalvular changes 
Papillary fusion to valve 
Chordal agglutination 
Bipolar subvalvular changes 


Papillary fusion to valve 
Chorda] agglutination 



28 

8 


20 

76 

46 


30 

24 

16 



99 (43.6%) 


128 (56.4%) 


Total 


227 


Table VB. The Results op Treatment or the Subvalvular Stenosis in the Oases op 

Mitral Reconstitution* 


No subvalvular stenosis 99 

Subvalvular changes not treated 

No effect on the valvular function 29 

Minimal changes 3 

Unable to separate 5 

Subvalvular fusion tieated 

Complete or almost complete relief obtained 64 

Physiologically reasonable function obtained 12 

Unsatisfactory separation accomplished_ . 15 


•Guillotine knife or papillotome used, 12 cases: digital pressure or fingernail used, S4 


cases. 
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It IS inteiosting that theie is no diicet lineai lelationship hetiveen the 
functioml lestoiation of the lalie and the old measiuement of lalndai open 
ing in “fingers ” 


Tabif IX REL.movsHiP Bethefn Estimate op Percentipe of Function vnd Openino 
JIeasukeb in "Pinoees” in Cases of NnosTEormNOio Mobieiz,ation 



MORE THAN 90% 
FU'^CTION OPENINO ' 

LESS THIN 907o 
FUNCTIONAL OPENINO 

More than 2 lingers 

16 

10% 

4 

5 0% 

2 fingers 

S6 

55% 

21 

30% 

1 and % fingers 

47 

31 4% 

29 

40% 

1 and ^ fingers or 

7 

3 6% 

17 

24 4% 

Totals 

lo6 

100% 

71 

100% 


THE SURGICAL, TECH'WiUE 

The Thoracic Tntiance—Thc patient is placed in the supine position A 
light anteiolateial thoiaeie incision is made fiom the sternal border to the 
mid axillaiy line, eiiiiing beloii the breast m the female 

The peetoial muscle fibeis aie spht lateially and iiioiscd medially to e\ 
pose the fourth intcicostal space The niteicostal muscles and plciiia aie divided 
ovteiisnely from the inteuial mammal} vessels to the tiansveise piocesses of 
the veitebrae The foimet aie divided betiieen indi\ idiial ligatiues The fouitli 
and fifth costal cartilages nia\ be diiidcd at then sternal iiinetuies The ribs 
are spread iiidel} apait m gradual incicmcnts by a Pnioohiotto type of fiKcd 
retractor in ordei to avoid fiactuie The light lung is conipiessod posteriorly 

The Pencardial Incision —The peiicaidial sac is incised paiallel and 15 
cm anterioi to the light phieiiic iitne foi its entire length The caudal e\ 
ticmit} of this longitudinal iiieision may be extended anteiioilv to the sternal 
border to obtain additional evposuie 

The vessels nliicli cross the incised poition of the peiieaidium ate in- 
dividnall} ligated and the lips of the incision in this sac aie letracted with 
weighted stay sutuics 

The Cardiac Incision —The iiiteratiial groove is easily identified b} gentle 
upward letraction of the light atinim by the gaii/e covered fiiigeis ot an as 
sistant It will be seen, at least duiiiig certain phases of the caidiao c}cle, as 
a distinct line oi depiession eommnnicatnig the posteiioi aspects of the iiifetior 
and superioi venae cavae 

The mid portion of the gioovc is dissected to a limited extent, usinll} 1 cm 
in length and 8 mni in depth, but with individual variations 

A purse string suture of heavy No 2 biaided nylon, swedged on a curved 
lound edged needle, is placed vvndely about tins dissected area The line of 
encuclement should be at all points at least 1 cm distant from the line of dis 
section Each bite of tlio sntniiiig needle should penetiate into tlio toricspoiid- 
ing atiial lumen The CNtciiial loops of the sutuie should bo made longer than 
the intetnal ones The fiec ends are incoiporatcd within a Rumel Belmont 
touiniquet 
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VIIIA and VIIIB). Bj-- simple auscultatoiy examination, the rate of ap¬ 
parent abolition of this murmur was much greater (Pig. 8, A and B). 


Table VIII A. Postoperative Di.sappeakaxce op Mitral Diastolic Murmur After 
Neostkopiuxgic Mobilization (Piionocardioqrapiiic Determination) 


Complete or near complete restoration 
of valvular function 

Incomplete restoration of valvular function 
Total 


disappearance of 
number of cases diastolic murmur 


148 75 (51%) 

_5G 25 (45%) 

204 100 (49%) 


Table VIII B. Postopeiiative Disappeailvnce of the Sharp First Mitral Sound Aiter 
Xeostrophingic Mobilization (Auscultatory Determination) 
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A complete and thorough examination of the loft atrium should he carried 
out in all eases in order to rule out the possibility of a coexisting septal defect, 
anomalous pulmonary venous drainage, or the presence of a thrombus or intra- 
cardiae tumor before the definitive steps of the valvular surgeiy are under¬ 
taken. 

Intra-nirial Tlirombiis.—Intra-atrial thrombosis was found in 10 per cent 
of this series. If the thrombus is sccui-ely adlicrent to tlic atrial wall, it sliould 
be left undisturbed, extraordinary gentleness being exliibited during the entire 
eouise of cardiac manipulation. In such cases, it is our custom to start anti¬ 
coagulant therapy (first witli heparin and later witli Dicumarol), heginning 
12 hours postoperativoly, and continuing for about 2 weeks in order to lesson 




Fif? ion .— a'Nrethotl of aspirating floatinir or \or}' Ioo'»oly attached thrombotic matcil.il 
from left atnum by pastsage of suction tip into heart alonp the palmar surface of the Jntra- 
cardlac Anger. 


the likelihood of propagation of the thrombus. If the clot is loosely attached 
to the atrial wail or floating freely, it raay ho removed bj’ utilizing one of the 
Litwak suction tips wliicli may be passed into the atrial cliamber along tlic 
palmar surface of the intracardiac finger (Figs. lO-l and . 
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^ In order to prevent unexpected separation of tlie interatrial septum from 
taking place during the left atrial exploration, a 3-0 cotton stay suture is placed 
at either extremity of dissection to “hold” the interatrial septum together. 
The ends of these sutures are kept long for usage at the time of closure of the 
cardiac wound. 

A suture of No. 2 braided nylon su'edged upon a large curved needle is 
passed through both lips deeply beneath the line of dissection, starting at the 
right atrium. It traverses the septum to emerge from the left atrium and is 
returned at a distance of 1 cm. to form a large mattress suture. Both ends of 
this mattress suture are drawn upward and are loosely attached to the drapes 
in order to prevent subsequent entanglement. At the conclusion of the valvular 
surgery, this suture will be tied down to evert (Pig. 9) the lips of the incision 
in the left atrial wall. A pair of Moi-se^ scissors (with points and outer 
edges of blades sharpened) is laid clo.sed against the palmar surface of the bare 
loft index finger which has been washed with saline and dipped into a dilute 



Pif?. 9.—Dis.section of interatrial groove and placement of various controlling sutuies. Dotted 
line shows site of proposed incision into left atnuin. 

heparin solution (1:1000). The finger and scissors are inserted into the dis¬ 
sected portion of the interatrial groove and the scissors are advanced to punc¬ 
ture the exposed septal aspect of the left atrial wall. Then tlie blades are fully 
opened to produce an adequate entrance, but one which readily can he tam- 
ponaded by insertion of the index finger. As the blades are withdrawn in the 
partially opened position, a small gush of arterial blood will escape before the 
tip of the advancing index finger occludes the opening completely. The finger 
enters the atrial chamber slowly Avith a gentle twisting motion, the opening grad¬ 
ually becoming dilated to fit its increasing circumference. 

Exploration of the Left Atrium—HhQ finger tip soon reaches the mitral 
valve orifice. If the left atrium is enlarged considerably, it may be necessary 
to invaginate the atrial wall partially in order to reach the valve. 

♦Available from G. P. Pilling and Sons, Philadelphia, Pa. 
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In most cases, persistence and repetition in application of this finger pres¬ 
sure soon will develop a long upward “horn” at the extremity of the horizontal 
portion of the valve slit. The tip of this “horn” will come to run almost parallel 
with the annulus fibrosus, usually at a distance of 3 to 5 mm. from it, but some¬ 
times practically along its margin. Obviously, this latter tjTte of cleavage is 
the result of deformation and retraction of the valvular ribbon since the orifice 
normally does not approach the annulus. Careful examination of the apex of 
the split after each stroke of the finger will reveal even the slightest new in¬ 
crement of regurgitation. This will be felt as a localized high velocity systolic 
jet if small, or more diffuse, involving a greater portion of the aperture, if it 
is larger. Should such a jet appear at the extremity of the valve slit, it is 
probable that the splitting has deviated from the proper line of cleavage. No 
further attempt at separation of tliat pole of the valve is then permissible lest 
it lead to the creation of a scrioiLS or even lethal amount of insufiicienc.v. 

After commissural separation has been completed at one pole of the valve, 
at attempt should be made to split the opposite one (Fig. 11, C). 

Instnimeninl Separation of Fused Valve Leaflets .—Although digital mo¬ 
bilization of tile valve leaflets is more cfiieient and feasible by the right-sided 
route than from the left, many valves still will require definitive instrumentation. 
For the right-sided approach, it has been necessary to modify our original right 
and left guillotine knives, both with respect to length and to the arc of curva¬ 
ture."*- ** Further, the principle of the Nichols papillotome** has been in¬ 
corporated into the design.* 

The anterior lip of the dissected interatrial groove is picked up with a pair 
of Nelson forceps and the appropriate closed guillotine Irnife is passed into the 
left atrium along the palmar surface of the operator’s left index finger. 

It is our policy first to incise the more favorable valve extremity (unle.ss 
it already has responded to digital pressure). Often this will be the antero¬ 
lateral (really left). The left-sided guillotine knife is passed through the 
valve opening and is brought to bear against the ape.x of the left extremity 
of the nearly transversely directed valve slit. As the jaw is opened by retracting 
the sliding blade, the under-beak will slide beneath the valve margin. 

Digital palpation of the chordopapillary supports now is indicated to estab¬ 
lish whether the undor-bcak of the instrument has been placed properly between 
the two parallel rows of .supporting chordae or pos.sibly through the mid-portion 
of a chordopapillarj- fusion mass. It may be necessary to rotate the instrument 
slightly, taking care that it does not .slip from its position in order to ensure 
a horizontal incision at this valve extremity. By compre.ssing the handles, 
the upper blade of the instrument is caused to cross the lower, shearing through 
4 mm. of scarred or calcified marginal valve tissue. The closed instrument Is 
withdrawn slightly while the finger tip remains poised momentarily over the 
site of section to detect even the slightest change in valve competence. 

U.sually it is wise to wait a few moments for reassurance from the anes¬ 
thetist that the patient’s condition has remained at,..or~has been restored to, 
a satisfactory level. 

•Obtainable from Storz Instrument Co^ SL Louis, ifo. 
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Exmnhmtioii of ihe Valve .—Tlie fiugcr tip is iield poised over the valve 
orifice at a distance of 1 cm. in order to detect a possible regurgitant jet. If 
noted, its exact localization is determined and an estimate is made of its severity. 
In carefully selected cases such as in this series, sucli a jet should never exceed 
a one or two plus magnitude and nearly always will be the former. Usually 
it will be felt to be located at the central portion of the slit-like opening. 

The atrial aspect of the valve is palpated to determine the size and con¬ 
figuration of the mitral orifice and to recognize the possible presence of calci¬ 
fication. 

In most instances, the valve slit will not, admit a finger tip and Avill be 
centrally located with respect to the annulus fibrosus which is readily discern¬ 
ible from this ai^proach. 

If calcification is prc.sent, its type and amount, and especially anj'^ cii- 
coachment toward the annulus fibrosus, should be determined carefully. 

Before attacking the valve, the operating table should be tilted in order 
to elevate the loft side of the patient by 20 to 30 degrees. In this posture, the 
alignment of the extremities of the residual valve slit will be fitted nicely for 
insti'umentation by either the right or left valvulotome, should such be needed. 
Howevei’, it is always our practice first to attempt to separate the valve struc¬ 
tures by digital pressure. 



MOBILIZATION OF THE VAL^TC 

Digital Separation of Filled Valve Leaflets .—The intracardiac finger is 
passed forcibly through the diminutive valve slit. In favorable eases, the fuse 
valve leaflets will begin to separate at one or both commissures. Should this 
occur, an attempt will be made to increase this by intermittent passage of le 
finger over the apex of the slit in the direction of the ventricular apex m a 
“paper-knife” fashion. Direct lateral or end-on pressure against ^ ® 
the split may also be tried, always cautiously, however (Fig. 11, A and Jf). 
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\\ill Umi to the postciomedi.il (icallj light) pole o£ the \aUc This time the 
light sided guillotine kiiite will he used in much the sime miiiiioi diseuhed 
tor the left sided one 

Howevoi, it IS slightly moic difficult to locate the piopei lino ot scpaia 
tion aiiatoniieally or fuiietionally since the e'ctteniitj of the valve iinv he 
loiiiided lather than aiigiilai, ciuies less steeply iipwaid than tiie anleiolntci.il 
one Again, digital localization of the subialviilai siippoitiiig stiuotiiics will 
guide the siii geoii 

The same piee.autions should he taken not to deviate fiom the piojioi line 
of separation (which again is nioie functional than anatomic) (Fig 12, A, B, 
C, B) 



Fg t—^The longituUinal separation maj be starts I in cases espodaUy thos© with 

I fibrosed short joke bj dividing the crotch with i apccltlly dt si^ne J pair of HcIsMors 


The Tieatment of Suhialvular Changes—In eteij case after v.ilvo sopaia 
tion IS deemed to have heen obtained as fully as feasible, .i seartli should bo 
made for au element of subvahutai obstiiiction If such is found, removal of 
tins obstiuction is essential to complete lenovation of the vilvul.ii mcebanism 
An attempt should be made to separate cveiy abnounat elioidopapill in 
fusion whether the papillaiy muscle is directly .adherent to the yahe apes ot 
wlitthei a "shoit yoke” eliordopapillaiy mechanism is involyed Ijsiially, diieet 
]i 7 pssuie with the finger tip against the top of the mass will suffice to start a 
longitudinal splitting of the muscle mass yvhicli may ind should be oytended 
iiilh to the yentnculai attaclimeiit If the atiial extremity of this p.apillaiy 
mass is uniisuallj resistant, it e.an be diyided by a pair of special papill.uy 
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Now, au attempt sliould be made to split tlie partially divided commis¬ 
sure with the intracardiac finger tip. If tiiis succeeds, no further instrumenta¬ 
tion will be necessary and the guillotine may be removed from the heart. 
However, it may be found necessary to use tlie knife one or more additional 
times. In such a situation, the valvulotome should be readvanced and re-engaged 
at the new valve “apex.” This time, the knife must be angulated upward"at 
30 degrees from the horizontal line and the new bite be taken in this direction. 



Fi(j. 12.— A, Diagrammatic representation oC nearly liorizontal section accoinplislied by 
first bite of guillotine against the anterolateral (really left) commissure. 

B, Second (and perhaps even a later) bite is directed at an increasing upward ?”Sle 'o 
order to follow the natural curve of the line of valve closure. Shaded area indicates incrta 
in size of orifice. 

C, First bite against tiie posteromedial (realiy^ riglit) commissure is directed horizontal y. 

D, Any additional Instrumental division of this pole must be guided in an increasing y 
upward fashion. Note e.xtensive increase in effective valve area (shaded portion). 

If Still another bite should be required, this should deviate further upward 
fi’om this line (almost 60 to 90 degrees from the original line). At the tip ot 
a well-formed horn, the line of section is nearly vertical to the mid-portion o 

the valve slit. ,, 

If digital pressure becomes effective at any time, the valvulotome sliou 
be withdrawn completely from the heart and the separation continued digita y. 

As soon as a satisfactory (or compromised because of regurgitation) open¬ 
ing of the anterolateral pole of the valve is obtained, the operator’s atten 
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Exploration of the Tncuspid Valve —Eoutmely, the Uicuspad valve should 
be exploied*® ’’’ by inserting the linger thioiigh an incision nnde into the 
tip of the right auricular appendage if the patient’s general condition peiniits 
this step Since, as shown pienously, one fouith of all the cases of mitral 
stenosis haie a certain degree of tiiciispid valvular inioheinent and 8 per cent 
require definitive suigical collection of stenosis, it usually is woitli while to 
spend anothei e\tia ten minutes of operating time m examining this valve 

OPEN HEIRT SURGEEV FOR JIITRIL STENOSIS 

Obviously a similaily extensive tjpe of valvular mobilization might be ac¬ 
complished by an open technique using one of tlie existing pump oxygenator 
combinations Here, too, the use of the right sided approach is essential, but 
the left atrium must be incised longitudinally foi a greater distance Usually 
the incision is made just dorsal and paiallcl to tlie iiiteratiial groove 

Howeiei, because the appropriate line of valve division is not strictly an 
anatomic but rather a functional one, with an open teclmique the operator is 
at a distinct disadvantage in that he is unable to appreciate tlio eailiest stage 
of oieation of incompetence of the nonfunctioning valve AVliiIe one miglit think 
that the proper line of commissural obliteiation would be cleaily appaient to 
visual inspection, it often is most confusing to decide upon its location Because 
of the appieciablo risk of creating inadvcitently a seiioiis giade of insufficiency 
which cannot become eiident until full cardiac action has been icstoiod (iind 
therefore is essentially' ii remediable) the opeiatoi ivill tend to icstrict tlie ex¬ 
tent of valve mobilization to less than the logical ideal Similarly, he may be 
loathe to split the papillarv muscles fully to the ventiiculai wall 

Foi these reasons, although with a personal open surgical expeiience ad 
mittedly limited to but 3 patients wntli this disease, we hare felt that the expert 
opeiator will peifoini a better mitial valve mobilization with the simplei and 
safer closed technique than with the open 

StlJIMARY IND CONCLUSIONS 

After a 9 year cluneal experience including moie than 2,000 patients sub¬ 
jected to mitial commissurotomy tluough the standard left sided approach, and 
close to 500 operated during the past 4 years by the right sided method, a 
new and technically much supei lor ty pe of valve mobilization has been e\ oh cd 
It IS based upon the principle of conveiting the irretrievably destroyed flutter- 
valve action of the mitral valve to an efficient flap valve mechanism 

This effect is accomplished by a rchinging or new hinging of the septal 
cusp not only through its flexible mid zonal tissue, but also with respect 
to the usually shoitened papillary suspension yoke which must be split longi¬ 
tudinally Such a maximally corrective procedure has been described under 
the term “neostrophingie mobilization” of the valve It cannot roiitinelv bo 
accomplished except with the technical advantage of the righl^sided approach 
It has been shown that most patients with mitral sten have r ived 
but partial (as shown by the peisistcnce of aiiseiiltator 
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seissors'^^ wliicli are designed to be passed into the heart along the palmar aspect 
of the intracardiac finger. Thereafter, splitting usually Avill be accomplished 
easily (Pigs. 13il and ISB). 

Closure of the Cardiac Wowid.—Aitcr full (or compromised) neostro- 
phingic mobilization of the mitral valve has been completed, the finger is with¬ 
drawn slowly from the opening in the wall of the left atrium, tamponad- 
ing the wound surface as the initially placed mattress suture is finally tightened. 
Usually this will establish complete hemostasis. Should it fail, tightening of the 
purse-string suture will supplement it. If there still is persistent bleeding, the 
Uvo lips of tlie dissected interatrial groove maj'^ be approximated with Nelson 
forceps while they are being sutured. 



Fjgr. 13B —^^Vutopsj' peiformed operation showinf? fully mobilized septal leaflet, both directlj 
adherent papillarj' muscles liavinj? been split to their ventrjculai y\all attachment 


The dissected groove is repaired Avith one continuous horizontal everting 
suture and one re-enforcing simple suture using the long ends of the previously 
placed 3-0 cotton stay sutures. 


After thorough flushing with normal saline, the pericardium is closed tightly 
enough to prevent herniation of the heart to the right, but loosely enough to 
permit free drainage of any accumulated exudate into the chest cavity. 

Two multiwindowed catheters are placed intercostally for postoperative 
drainage and are connected with a water-seal drainage bottle. The ribs are 
approximated with pericostal sutures of No. 2 double chromic catgut. The mus¬ 
cles and fascia are closed with continuous No. 1 chromic catgut sutures, bu - 
euticular No. 30 steel wire is used for skin closure. 


‘Obtainable from the Storz Instiument Company, St. Louis, Mo. 
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teinporaiy relief of their valvular ob.struction when the older left-sided commis¬ 
surotomy procedure has been carried out. Restenosis ultimately may be ex¬ 
pected in a large proportion of these patients Avho have, in actuality, been 
subjected merely to linear (and limited) division of a fibrous stricture. It is 
believed that recurrence of mitral stenosis after complete neostrophingie mo¬ 
bilization will be rare indeed since the operation amounts actually to construc¬ 
tion of a valve mechanism of different type, and since all the tissue cleavages 
extend well into normal unfibrosed structures. 

The early operative mortality and morbidity associated with complete re¬ 
constitution of the valve is distinctly less than that associated with less com¬ 
plete operations (see Tables VIIA and VIIB). 

Because of certain unavoidable handicaps experienced during attempts to 
carry out an extensive mobilization of the valve structures with maintenance of 
full competence when the open technique is employed (using the pump-oxygena¬ 
tor), it is felt that a bettor and safer reconstitution of the stenotic mitral valve 
can be achieved bj' the closed method. 
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including the crista supraveiitricularis, tricuspid valve, and the papillary mus¬ 
cle of the conus (Fig. 2) Through a right veutrieulotomy one perceives that 
he is first looking into a deep recess, the medial wall of which is formed by 
the defective ventricular septum. The opposite or lateral wall of this recess 
appears to he made up, at least in part, of tricuspid-valve leaflet, whereas supe¬ 
riorly the crista supraveiitricularis narrows the opening into the recess. The 
opening itself may bo bridged by at least one papillaiy muscle of the conus. 
At the bottom of this recess is a central fibrous body (or fibrous trigone) to 
which the aoitic-valve ring is firmly attached on the left side, and the tri¬ 
cuspid-valve ring on the right. If one then looks from a caudal point and has 
proper lighting, he can look into the recess, thence through the ventricular 
septal defect, and see the aortic cusps. 



Fiff 1—Specimen from a J-month-oI«I boy. abowinif tiie \entrJculnr «?eptal defect from 
tlie left ventiicular aspect. The defect lies Inferior to the adjacent hal\os of the right {R) 
and posterior (P) aortic leaflets The arrow points to tlie reclon of the central flbrous bodv. 
where the \entricular septum and the aortic. mItmJ, and trlcuspld-val\e rln^ meet It Is 
essential that the operatne repair of high \cntrlcular «!eptal defects begin In this area 


Thus, a .striking contrast exists between the appearance of tliis particular 
type of high ventricular septal defect when viewed from its right and left ven¬ 
tricular aspects Indeed, the simplicity of the relationships and the unob¬ 
structed view from the left might raise doubt as to tlio wisdom of approaching 
the defect through the right ventricle. The impractiealiility of a left ven¬ 
tricular appioaeh surgically, however, has lerpiircd persistence in attaining 
an anatomic oiientation from the right, and from this hcginiiiiig to develop a 
reprodneihle toclmique for complete closure of those defects. 

SURGICAL TECHNIQUE 

The fiist requirement for the .surgical correction of ventricular septal de¬ 
fects is obviously a means for whole-body perfusion wliich can be safely main¬ 
tained for as long as is necessary for the repair. Induced cardiac arrest has 
clearly become a fundamental necessity to the accurate fc i ir o 'ontrieula 




SUKGICAL TECHNIQUE FOR REPAIR OF HIGH VENTRICULAR 

SEPTAL DEFECTS 

John W. Kirklin, M.D., and Dwight C. McGoon, M.D. 
Rochester, IMinn. 

T he time-honored requirements for accurate open operation in any region 
are a well-exposed, quiet, and relatively bloodless field, and a precise and 
reproducible operative technique. Preoccupation with the problems of whole- 
body perfusion must not obscure the necessity for the development of adequate 
techniques for the reparative intracardiac operations thereby made possible. 

One of the challenging intracardiac pi'ocedures currently performed is the 
closure of high ventricular septal defects. These are defects located immediately 
beneath the aortic-valve ring, and thus high in the ventricular septum when 
viewed from the left ventricular aspect. Appi’oximately 90 per cent of patients 
having ventricular septal defects ■who arc selected for surgical treatment and 
who, therefore, have significant hemodynamic derangement, have a ventricular 
septal defect in this region. 

In a previous publication^ in this Journal, a technique used at the Mayo 
Clinic for repair of these defects was described, but a footnote to the report 
indicated it was no longer in use in this institution. Experience with the repair 
of ventricular septal defect, either alone or as part of the tetralogy of Fallot, 
has led to gradual modifications in technique. The method herein described 
has been used since the adoption of purposeful cardiac arrest and we consider 
it to be a definitive method. 


anatojiy 

Closure of this particular defect requires a clear three-dimensional concept 
of the compact, complex, and somewhat obscure anatomy of this region.^’ - The 
complexities of the embzyologie development of this area of the ventricular 
septum are beyond the scope of this presentation.® 

On considering a high ventricular septal defect, such as has been described, 
from the left ventricular aspect only, the anatomic relationships can be easily 
comprehended and expressed. The defect presents as an opening that usually 
equals or slightly exceeds the aortic orifice in diameter. In most instances, the 
defect is immediately inferior to the right aortic cusp, the adjacent portion of 
the posterior aortic cusp, and the inteiwening commissure, and there is no 
superior remnant of ventricular septum below the aortic ring itself (Fig. !)• _ 

From the right ventricular aspect, however, the region of the defect is 
partially obscured and rendered relatively inaccessible by adjacent structures, 

From The Alayo Clinic and Mayo Foundation. 

Keceived for publication Aug. 12, 1957. 
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As mentioned previously, it is usually beneath the right and posterior eitsps 
and their intervening eommissure, but it may be beneath one of these mote 
than the other. The correct identification of the position of the aortic ring is 
basic to tlio planning of the repair. 

It is essential to realize that maximal protection to the integrity of the 
repair requires that closure be accomplished without undue tension. Tlic power 
of the heartbeat can disrupt a repair done either with or witliout a prosthesis 
if the repair is made in an improper direction. These defects are usually ovoid, 
and the line of repair must be parallel to the long axis of the oval. This line 



Fife' 3—Completed repair of a higrh aentricular ’sept'il defect by the direct-vutuio tech¬ 
nique, as «een from the left \entncular aspect Note the relxtton of the direction of the 
lesultant suture lino to the aortlc-\ahc rlngr. 

is usually parallel to tlie aoitic ring and transverse to the outllow tiact of the 
left ventricle (Pigs. 3 and -4). It is impossible to overemphasize the irapoitanec 
of this proper line of icpaiiv To accomplish lopair in this jiropcr direction, 
the siiigeon must constantly judge tlic left ventricular relations of tlie defect 
while working tluough the right ventriculotomy opening. 

As the defect is viewed from the left ventricular aspect, its upper margin 
consists essentially of aortic ring and its lower margin of ventricular septum. 
When vice cd through a right ventriculotomy incision, the prcvioirsly described 
upper margin lies superiorly and to tlic patient’s right, and the lower margin 
lies inferiorly and to the patient’s left. When the ventricular septum is viewed 
from the loft ventricular aspect, the central fibrous body lies in the region 
of the extiemo posterior corner of the defect, or to the viewer’s right. When 
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septal delects. The surgical approach is through riglit ventriculotomy, usually 
extending from a point just below the pulinonic-valve ring downward nearly 
to the margin of the heart. 

iSmall cat’s-paw retractois are placed at three points about the edges of 
the ventriculotomy opening, not only to hold the wound open but also to sup¬ 
port the heart. Variable degrees of tension on each of these letractors will give 
variations in the exposure of individual intracardiac regions. The intraeardiae 



Fifj. 2—Schematic representation of a Iiipli \entiiculai septal defect as Meaed from the 
right \entriculai aspect The insets demonstrate the steps in the suigical 'cehtj" 
direct suture and insertion of a prostliesis, as desciibed in the text Note that certain stitcncs 
were placed from the left \entrlcular side, aoiklng through tlie defect, and that the Knots 
come to lie on the loft side 

sucker can be placed through the tiicuspid valve into the right atiium and 
steadied in such a manner that it not only keeps the field bloodless but also 
assists in exposure. Other retractois inside the heart are not usually utilized, 
but movable structures, particularly chordae tendineae, may be manipulated by 
gently giasping them with fine tissue forceps. 

Once exposure has been obtained through the right ventriculotomy, the 
surgeon must orient the defect with relation to tlie le/i ventricular structures, 
since these aie basic to the planning of the repair. First, the defect is iden i- 
fied as a high one by noting that it is immediately beneath the aortic cusps 



Volume 35 
Number S 


REPAIR or HIGH VENTRICULAR SEPTAL DEFECTS 


583 


ventricle, and then passing the needle from left to right throngh the ventricnlar 
septum at its junction with the central fibrous body and tricuspid ring. To 
complete this first stitch the needle is passed from right to left through the 
corresponding fibrous tissue superiorly at the junction of aortic-valve ring with 
tricuspid-valve ring. This suture thus grasps tissue at each extremitj' of the 
central fibrous bod.v, and is tied with just sufficient tension to approximate the 
tissues snugly. This is the key suture—the principal one that assures a com¬ 
plete repair (Pig. 2, a). 

Further interrupted sutures are then similarly placed at intervals of 2 
to 3 mm Each of these is first passed through the superior margin of the 
ventricular septum (or the lower margin of the defect) from the left ventricular 
aspect toward the right. Superiorly, each suture passes through the surpris¬ 
ingly tough tissue of the free margin of the aortic-valve ring, care being taken 
not to stitch into aortic-valve cusp (Pig. 2, b). AVorking in this fashion, each 
suture successively placed for repair of the defect lies more anteriorly than the 
previous one. 

Because of the fact that each of the sutures placed thus far passes from 
the left ventricle to the right and then back again, the knots come to lie on 
the left ventricular aspect. This has not resulted in discernible undesirable 
sequelae 

After about half of the defect has been closed in the manner described, 
it will be found that the aortic ring gradually fuses with the deep surface of 
the muscle of the crista supravcntrieularis and disappears behind that struc¬ 
ture. The crista itself at this point appears to form the upper margin of the 
defect, and there is no contraindication to regarding it as such. Therefore, 
a change is made in the method of suturing. The stitches now are made entirely 
from the right ventricular aspect, passing through the lower edge of the crista 
supravcntrieularis above and through the ventricular septal margin below, with 
the knots now lying on tlie right ventricular surface of the septum (Pig. 2 c). 
As these are placed, the remainder of the repair is progressively completed 
(Pigs 2, d, 3 and 4). As the final sutures arc placed, it is impoitant that tlie 
left ventricle be filled with blood and that residual air be expressed, it some¬ 
times being necessary to inject blood info tlic left ventricle tlirongli the defect 
before tlie last sutures are tied. 

Repair by Inserting a Prosthesis .—If the choice is made to utilize a pros¬ 
thesis in the repair, the basic method is similar to that for direct repair. The 
prosthesis is first fashioned from a piece of polyvinyl sponge compressed to 
3 mm. in thicimess,* oval in shape, and only slightly smaller than the defect 
itself. The first suture is placed precisely at the same point as for direct 
repair, except that here, of course, each suture takes onlj' one bite into tissue, 
passes thvougli the polyvinyl sponge and then is tied. As this first suture, 
placed in tlie region of tlie central fibrous body, is tied, tlie prosthesis is lowered 
into position It is helpful to conceive of tliis first suture, when tied, to be 
functioning as a hinge upon whieli the polyvinyl sponge can .siving just as a 

•Comprcssetl to approxlmAtety r fourth ot Us original thlckne; 
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viewed from tlie right ventricular aspect, it is situated far posterioi-ly and be¬ 
neath the aortic ring in a relatively inaccessible angle. This inaccessible angle 
is of critical importance in obtaining a complete and secure repair. It is essen¬ 
tial that the repair begin in this region, for it is quite impossible to expose the 
posterior aspect of the defect properly and hence to accomplish complete re¬ 
pair if the suturing is begun at its op])ositc or anterior end. Furthermore, by 
beginning at this angle, this portion of the repair can actually he performed 
from the left ventricular side by Avoilcing through the septal defect, thus ob¬ 
taining not only additional space but also improved orientation which a left¬ 
sided approach provides. 



Fig. 4.—Neciopsy &pocinien of a high ventricul.-ir soptal defect repaliecl at 
the direct-fcutuie technique, a.s viewed from the left ventricular a&pect. The suture 
partially obscured by the oNcrlianglng aoitic \alve cusps. The patient died 48 PpP'"® "Pjh, 
operation as the resuit of an associated severe congenltai defoi'initj- of the mitral valve wnic 
could be only partially coriected The defect was a very large one, but the repair is ouvioua j 
without tension and structures are not distorted. 


Only after study of the defect and its relations is completed should sutui- 
ing begin. Number 3-0 silk threaded into a small sturdy needle (Adson dural 
needle) is employed. Direct suture is at present the technique chosen to repair 
nearly all of these high defects, including those tvhich are very large. Since 
it is not certain that use of a prosthesis is to be completely abandoned, this 
technique of repair also is described. 

Direct Suture.—The first stitch in a direct repair is begun by placing the 
tip of the needle holder through the ventricular septal defect into the le t 
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T he majoiity of patients nitli coaietatioii of the aoit.i nnv he ticitocl sui- 
gieally with a good chance of obtaining a satisfactoiy icsnlt Inasmuch as 
tlie average life e\pectancy of the nntieated case is appiONimately 30 je.iis, it 
behootes all phjsieians to endeaioi to discovei the patients vith this defect 
early so that snrgeiy can be peifoimed befoie iiieieisible changes ha\e occuiiod 
The infantile tjpe poses a moie seiioiis piobleni, since theie is a long eoaictatc 
segment and, in addition, tlieie aie often associated caidioiasculai defects Tlic 
siugieal moitality late is highest in the patients opeiated upon m iiifanc} oi 
eaily childhood and aftei late adolescence, oi call} adult life When siiigoii 
IS delayed until aftei age 30, a moie seiions appinisal slioiild bo made hofoio 
the decision to piooeed is made The ideal age foi siugical eoiieotion is pcihaps 
111 late childhood iilien the aoita Ins attained a substantial sire and bofoio 
seiious degeneiative changes have taKen place The oiei all opeiative inoitaliti 
late at the piesent time is somewhat less than 10 pei cent and may bo e\peetcd 
to deeiease significantly as oarhei diagnosis and snigeiy is achicied 

The method of treatment of coaietation is entiiely dependent upon the 
length of the naiiowed segment, the availability of giafts, the position of the 
involved aies, and the degiee of associated caidioiaseuhi defects of .i con 
genital natuie The method pioposed by Blalock and PaiJP iniolves an anas¬ 
tomosis between the left subclavian aiteiy and tlie distal aoita Cnfooid and 
Gloss," * in 1944, each opeiated upon patients by resecting the coaietation and 
effecting an end to end anastomosis of the aorta This method has eontmued to 
be the most effectne method of smgical eoiicetion of coaietation and is used 
ivhenevei possible With the adieiit of common use ot both homografts and 
synthetic plastic giafts, longei defects can now be budged without gicat difii- 
enlty 

The majoiity of opeiative complications which lesiilt m death aio those 
due to the diiect effect upon tlie bent at the time of siugeiy These include 
caidiac aiiest, lentiiculai fihiillation, iiicicisihle shock, and heart f.iilmo 
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trap door would swing on its hinge. Initially, this door is held open toward 
the right and against the tricuspid valve, thus leaving the ventricular septal 
defect open and permitting the placement of further sutures from the left 
ventricular aspect (Fig. 2, o'). Further simple interrupted sutures are thus 
placed both superiorly and interiorly about the deep margins of the defect 
(Fig. 2, h'). Again, as the aortic ring is followed superiorly and anteriorly, 
it fuses with the musculature of the crista supraventricularis, and at this point 
the unattached portion of the prosthesis is swung to the left, completely closing 
the defect and permitting the remaining sutures to be placed and tied from 
the right ventricular aspect (Fig. 2, c'). 

SU-MMARY 

High ventrioular septal defects with little or no septal remnant beneath 
the aortic ring present technical difficulties in their complete repair. An ac¬ 
curate and reproducible technique is described whereby the complete correction 
of such defects can be accomplished. 
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to exude in large volume and consequently the pericardium was extensively incised and ex¬ 
plored. A long rent, approximately 4 cm. in length, was identified on the right poster¬ 
olateral aspect of the ascending aorta with its loucrmost extension about 2 cm. superior 
to the aortic valve. Tlie po‘=iition of the rent made control of the hemorrhage most difficult. 
A running suture of Ko. 1 silk uas used to close the defect and, follouing tin's, several points 
of leakage were reinforced with No. 4 0 arterial silk. There uas moderate amount of ooze 
from the sutured defect uhich gradually ceased upon pressuie o\er the area. Immediately 
after incision of the pericardium and release of the acute cardiac tamponade the heart re 
gained its normal rhythm and this continued throughout the period of observation. Upon 



1.—^^ingiocardiogram show'inp complete coarctation and largo left subclavian artery. 

closure of the rupture and coincident with rapid traiisfu^sion of 2,500 c.c. of whole blood, the 
blood pressure again returned to normal where it remained throughout the completion of the 
procedure. In spite of the gra\e situation which existed, it was felt that rc'.cction of the 
coarctation would Ie«sen considcrablj- the pressure upon the «!utured aortic defect. Conse¬ 
quently, the -subclavian artery and aortic arch were mobilized, the ligamentura arterio'wim 
ligated and the narrowed segment was excised. An end-to end approximation was accom¬ 
plished with posterior and anterior everting, running mattress suture-*, reinforced at various 
points with laterrupted mattress sutures. The clamps were slowly released following suture 
and tlie patient’s condition remained satisfactory throughout the remainder of the closure. 
The patient received .a total of 10 units of blood (8,000 c.c.) during and immediately after 
operation. Examination of the specimen revealed the aorta to bo totally occluded (Fig. 2). 
RostoperativclY, the course was eharacterired by moderate hyperpyrexia, blood pres-^ure fluc¬ 
tuations, and tachycardia. In addition, there was an obvious cl o ‘ sensoriu 
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Second in importance as a cause of death is disruption of the anastomosis, and 
tiiird is operative hemorrhage which is usually initiated by trauma to the thin, 
friable, dilated intercostal vessels. 

There is a miscellaneous category of operati^^c complications which com¬ 
prise a significant percentage, but are too varied in their nature to be covered 
in this discussion.®'® Among these complications is the entity known as necro¬ 
tizing arteritis as described by Ring and Lewis.® 

The case which is reported herein represents an example of a complication 
pre^fiously unlisted in the siirgieal literature to the best of the authors’ knowl¬ 
edge. During surgery, the patieirt developed an extensive rupture of the 
proximal aortic arch rvith survival and satisfactory end-result. 


CASE REPORT 


E. G. W., a 21-year-olcl wlutc man, was transferred to this hospital with a diagnosis of 
coarctation of the aorta. Several months prior to admission and just prior to discharge 
from the armj*, a physical examination revealed a blood pressure of 140/110 mm. Hg in botli 
upper extremities. Presumabl}' the patient was uormotensive on previous examinations during 
and prior to military service. The patient had no significant complaints other than occa¬ 
sional numbness or a tingling sensation in the lower extremities for approximately two 
months. He stated that his feet had always been cold but he denied anj- wealnicss and had 
been active in athletics during his preparatory school days. On physical examination, the 
pressure in the right arm was 150/105 mm. Hg and that of the left arm 145/105 mm. Hg. 
Pressures in the legs wore unobtainable. The body was muscular and well proportioned with 
no e^dence of lower extremity muscular atrophy. The periplieral pulses of the lower extremi¬ 
ties were not obtainable. The neck veins wore not distended. There was no ankle edema. The 
chest was clear. There was no significant cardiomegaly but a liarsh Grade 3 systolic murmur 
was noted over the aortic area. Tlie skin of the lower extremities was damp, moist, and cold. 


Laboratory data; Chest x-ray revealed enlargement of the cardiac silhouette. There 
Was some rotation of the heart with recession of the aortic knob. There was minimal 
notching of the ribs in the midthorax. An esox)hagram revealed no fluoroscopic ewdenee of 
displacement or other significant abnormality. An electrocardiogram was considered to be 
within normal limits. 


Shortly after admission, an angiocardiogram was performed by r.apidly injecting 50 
c.c. of 90 per cent Hj'paque through a No. 14 polythene catheter with its tip in the axillarj 
vein. The film taken 7 seconds after this injection shows a typical segment of coarctation 
immediately beyond the take-off of the left subclavian artery (Fig. !)• Several laige 
collateral vessels were also visualized. 


Following adequate preoperative preparation, the patient was taken to surgery and in 
the right lateral position a left infrascapular incision was made. The dissection proceede 
down to the pleural cavity which was entered without difliculty. Numerous large yesse s 
•were encountered during this procedure, all of wliich were securely ligated. On inspection o 
the great vessels, the arch of the aorta was found to be somewhat smaller than normal an 
the left subcla'vian artery was enlarged to approximately the size of the aortic arch. 
was a short complete coarctation 3 era. below the take-off of the left subclavian arterj. 
third intercostal arteries were small, but the fourth intercostal arteries and the interna mam^ 
mary arteries were markedly dilated. The mediastinal pleura was incised oyer t »e aor^^ 
extending upward between the vagus nerves and left subclavian artery. Mobilization o 
aorta and the left subclavian artery was being accomplished when a cardiac arrest was n 
The lung was retracted from the heart surface and cardiac massage was 
begun. However, it was noted that pressure against the myocardium w'as very j 

In order to secure more effective massage, it was decided to incise the pencar lum “ 
so doing a large quantity of blood gushed from the pericardial cavity. oo 
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SUJIMARY 

A brief discussion of the necessitj’- for surgical treatment for coarctation 
of the aorta is given. A most unusual and previously unreported complication 
occurred at operation, 2 ianie}y, rupture of tlie proximal aortic arch. Tliis 
was successfully sutured and a satisfactory result obtained. 
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However, one week following the operative proceduie, the patient appeared in all respects 
normal with the exception of episodes of tachycardia. The patient's memory returned with¬ 
out defect and his intelligence seems in no way disturbed. Tests by psychologists rate him 
as a high normal. Tlie use of heavy dosage of atitibiotics' was continued for a weeks follow¬ 
ing surgery. After only minimal ditiiculty with postoperative hypotejision tlie blood pressuie 
has stabilized at about 105/70 mm. llg, and has remained at this level for 3 months post- 
operati\ ely. 



NW YOWC 

) 



Fig^. 2.—Excised coarctnte segment. 


DISCUSSION* 

It lias been reported by Reit’enstein and co-tvorkers^*' that, of 104 aiitopsied 
eases of adult tj-pe of coarctation, approximately one fourth of patients died 
from rupture of the aorta. An additional one fourth suecumbed from endar¬ 
teritis or endocarditis, one fourth from cerebral vascular accidents, and one 
fourth from causes not related to the cardioA-ascular system. Upon reconsid¬ 
eration of the events immediately prior to operation, it was recalled that the 
patient complained of mild to moderate substernal pain somewhat to the left 
of the mid-sternal line. This had been noted on several occasions for approxi¬ 
mately one week prior to operation, and it was felt by the authois tliat this 
represented apprehension Avhieli the patient was experiencing as the date oi 
his surgery approached. In retrospect, it appears that the paui indicated the 
fii-st events of what was to be a rupture of the aorta. Due to slight blood pres¬ 
sure increase during the mmimal trauma associated witli mobilization of the 
aortic arch, the rupture did occur and fortunately ivas quickly identified and 
repaired. The anesthetist reported no significant fluctuation in blood pressuie 
prior to the cardiac arrest, although, presumably- this could have been iiioineu- 
tary and not noted during the routine blood pressure determination. Althoiig i 
further examination during the procedure was limited because of the graiiU 
of the situation, there were no other outstanding cardiovascular defects note . 
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The distal part of the autograft was then sutured to the left main hronelms. 
Necrosis occurred in that autograft. In another dog, a left pnoiunonectomy was 
performed first and the left main bronchus was then used as an autograft le- 
placing 8 rings of the trachea (Fig. 2). In this case, first a left thoracotomy 
was performed for the pneumonectomy, then a right thoracotomy for the tracheal 
replacement. Necrosis occurred, however, in the autograft (Pig, 3, A and B). 
In the third dog, first a left thoracotomy was performed with extirpation of the 
left upper lobe and with a direct anastomosis of the left upper lobe hronelms 



l13I 


Fig" 1—Specimen from flop, in which a freeze-dried tracheal homopraft was ln^erted 
after resection of 10 rings of cartilage of the triche\. After I*; dajs. necrosis of the mucosa 
occurred and the cartilage rings were lying loo'fe In'^lde the lumen of the trichta. causing 
obstruction and stenosis breathing: Fifteen da>s after the insertion, the other specimens had 
a similar appearance 

to the left lower lobe bi’onchus. Thus, the lower lobe remained in the left 
thora.x. The main hronehiis was divided at the level of carina. Then a light 
tlioracotomy was performed, tlie trachea icsccted, and tlie left main bronchus 
used for traelieal leconstruction. Tlie divided hronelms to tlie left lower lobe 
was then anastomosed to the right lung. Thus, a complete reconstruction of 
the tracheal bifurcation was obtained. A necrosis occurred, however. As necro¬ 
sis occurred in a main hronelms without connection to its lung when it was 
used for reconstruction of the trachea, this necrosis was thougl duo to 

lack of blood supply through that pulmonary artery and the ts w 

changed in the following way. 




RECONSTRUCTION OP THE TRACHEA AND ITS'BIFURCATION 

An Expuuijiental Study 

Viking Ouov Bjokk, and Louis E. Rodriguez, M.D. 

Stockuol:!!, S\yeden 

L arge tracheal defects necessitating circninfevential reconstruction present 
j a difficult problem, especially Avhen the carina is involved. They must 
be repaired with some material which is airtight and semirigid and with a 
minimum of tissue reaction. DanieP has shown that tubes of Vitallium, stain¬ 
less steel, and glass will jirovide a temporary airway but will not give a good 
long-term result. Rob and Bateman,® Bucher and co-workers," Edgerton,^® and 
Keshishian and co-workers® have used stainless steel and tantalum me.sh, while 
Belsey® used a Avire coil wrapped with host tissue for tracheal replacement. 
Excellent experimental results have been obtained by Ekestrom," who embedded 
subcutaneously a plastic frame, jilaced over a plastic tube wraiiped in fascia, 
in the experimental animal for 3 to 12 weeks ]}rior to the reconstruction. At 
the reconstruction, the inner tube was removed Avhen an autologous connective 
tissue tube, reinforced ivitli a iilastic (Teflon) frame, was obtained. 

experimental re-sults 

1. IIomoyrafts .—Preserved honiografts have been used earlier by Kesh¬ 
ishian, Blades, and Beattie.® These tracheal grafts were preserved in modified 
Tyrode’s solution Avith antibiotics and maintained at -4° C. No grafts Avore older 
than 14 days. These homografts seemed to be Avell healed after one Aveek but, 
in the period of 3 Aveeks, there Avas a beginning liquefaction and necrosis, leading 
to stenosis and death. We liaAm tried to desensitize homologous transplants of 
trachea, in the folloAving manner. 

Segments containing 10 to 11 rings of cartilage of the trachea Avere freeze 
dried and then implanted in the trachea in 4 dogs. All dogs died due to dcgeii- 
erathm changes of the homografts. The rings of cartilage rolled into the lumen 
of the trachea, causing stenosis and death (Pig. 1). In 2 dogs, a formalin-fixed 
tracheal homograft, either 40 or 4 per cent formalin, Avas used Avith the sanie 
disappointing result. In another 2 dogs, a tracheal homograft preserved m 
95 per cent alcohol Avas used, Avith liquefaction and necrosis developing ni - 
to 4 Aveeks. 

2. Autografts .—In a 15 Kg. dog, a piece of trachea containing 13 rings Avas 
resected and then a right pneumonectomy Avas performed. The right main 
bronchus Avas then used for the reconstruction of trachea in the folloAving man¬ 
ner. The autograft Avas first sutured to the transected end of the trachea. 

From the King Gustaf V Research InsUtute. 
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Number 5 

3. Direct Anastomosis .—Through a right thoracotomy, a wide dissection 
was made of tlie trachea, tlie Carina, and both main bronelii. After resection 
of 12 tracheal rings, the right main bronchus was sutured end-to-end to the 
tiaehea Then the left mam bronchus was sutured ond-fo-side to tlie interme¬ 
diate bronchus below the origin of the right upper lobe (Pig -1). Thus, both lungs 
were preserved yet the lower part of trachea with the carina could bo resected. 
This proved to be a rather difficult procedure in a small dog as the quality 
of the left main lironclms was not good enough for anastomosis end-to-side to 
the right inteiniediate bronchus. The cartilages of the left main liionchus were 
too soft and too small The expeiiiiient was theicfore repeated in a 30 Kg 
dog uhicli made an uneventful reeoicry for 3 months and then died due to 
intection and atelectasis. There was an abscess around the suture line to the left 
lung with fibrosis and degeneration in the main bronchi This, however, seems 



4 _ ^ Tlio tiachea, cirini, amt flr'Jt parts of tlie left ind rl&ht main bronchi were 

resected Then* an end to-end anistomosls made between the Ulslat pirt of the trachea 

ind the right main bronclni-J Then, the left main bronclius w is anastomO'^cd end-to-sido 
to the mlcrrnediate poilion of the right mam bronchus 

B, An anastomosis completeil after resection of the trachea and carim, ■witli preserxa- 
tion of boU\ lungs 


to he the most promising method in the resection of the carina with the distal 
part of the trachea, i c., to do an end-to-end anastomosis between the right main 
bronchus and loner end of tlie trachea and then to implant tlic left main 
bronchus in the right main bronchus. Due to tlie good results obtained in 12 
clinical eases of broncbotraelical anastomosis, this metliod of direct anastomosis 
for carinal iceonstriiction is considered the best method available. It will, how¬ 
ever be difficult to perfoira this operation in dogs due to the soft cartilage of 
the left main bronclius. A similar method has already been successfully applied 
to a clinical case by Mr. R. Barclay. 



598 


B.T5RK AND ROD1UGUE55 


J. Tlioracic Siiri;. 
May. lySS 



.1. Jl. 

left iiiuin bronchus wii.s used ns iin miloKraft for repluucincnt of tnichca. 
I'li'st, tlio left tlioracotoniy with lult iHieuiiioiiectoiiiy wiia nerfoirued. The left iiiain hroiicliii.'- 
wa.s then, by means of a ritihl thoracotoin.v. used for replacement of the trachea. 

It, The left main bronchus ha.s been in.surted in place, eomiectinfe' the distal end of 
trachea to the l•itrht main bionchms. 



Ji'jg-, 3. — A, First, a left thoracotomy was jjcrformod with rc.section of the 'eff oi I 
lobe. The left upper lobi- bronchus was then anastomo.sed to the left lo\vor lobe moa 
The left main bronchus was divided at tlie level of tlie carina and tlie left thoracotoao \' 
was closed. ,,, 

Jij A right thoracotomy was then performed. The left main bronchus wa.s 
in the wound and anastomosed to the distal cut end of the trachea. The ..l^nnstruc- 

lobe bronchus was then anastomosed to the right main bronchus. Thus, ® vTn,.ensis oc- 

tlon of trachea and carina, with ilrst pai-ts of both main bronchi, was obtained, Accio. • 
curred In the autograft. 
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Juvonelle has already shown, in 1951, that it is possible to remove the 
lowermost part of trachea with its bifurcation. But with a rcsuturo of both 
main bronchi cnd-to-side to the trachea of a dog, it is not possible to mobilize 
the left main bronchus for any significant distance It is, however, possible to 
remove a longer section of trachea when an end-to-end anastomosis between tight 
mam bronchus and the trachea is performed and the left main bronchus is 
sutured into the right mam bronchus, cnd-to-side. The suture line must not 
be under too much tension, othenvise it may cause a stricture to form. From 
these dog experiments, it seems that there is a more pronounced tendency for 
stricture formation when an end-to-end anastomosis of a main bronchus to the 
trachea is made under tension as compared to a bronchotraclieal anastomosis. 



Fig 7 —Perforation of the abscess, around a prosthesis. Into the esophagus In another case, 
there was erosion oC the carotid artery. 

In 1950, Ferguson and associates' leportcd a study of primary tracheal anas¬ 
tomosis They concluded that when stenosis, following repair, did not exceed 
one third of tlie original lumen, there were no distressing symptoms. If, how¬ 
ever, the stenosis occluded the trachea to one fourth of its normal circumference 
stridor and lespiratory infection would follow, 

4. Plaitic Prnithesis .—In a scries of dogs, a plastic tube prosthesis of Ivalon 
sponge made over of a frame of a stainless steel spiial was used for tracheal recon¬ 
struction This prosthesis was made in the following way: 

First, a layer of Ivalon sponge was rolled over glass or plastic tubing. Then 
a coil of stainless steel was rolled over the Ivalon. Over this, another layer of 
Ivalon nas rolled. Then, this tube of Ivalon was compressed by gauze and 
autoclaved. In this way, grafts of the tracheal bifurcation couldTasilv be eon- 
.strueted with the desired angle between the 2-niain bronchi. T1 suit 
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Fis. 5.—Specimen from ii, bifurcation prostliesis of reinforced Ivalon sponge lying loose 

abscess formation. 
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lying 
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witJi tliis prostliesis was excellent. Howevei’, there ^vas no long-term survival, 
althoiigli the longest survival was 12 months. Ai'tcr a period of 6 to 12 months,’ 
this plastic prostliesis cither caused a prc.ssure necrosis witli perforation of a 
lug artery or cosophagus, or there was an inilamination around the prostliesis 
so that the prosthesis was actually “tloating” in an abscess (h’igs. 5, 6, 7). 
Although some of these dogs seemed in excellent condition up to one year, 
they then died either of hemojitysis, due to perforation, or infectious eom])lica- 
tions. Reconstruction of the tracheal bifurcation seems to be especially diffi¬ 
cult as it is difficult to obtain the exact angle of the main bronchi; if this 
angle is not ideal, jiressure necrosis will occur at the distal suture line. 

mSGU.S.S10N 

Reconstruction of the earina with plastic tubes of Tvalon, reinforced with 
a stainle.ss steel coil, has given a very disa])]>ointing result. Although the dogs 
recovered from the operation and seemed to go through an uneventful recov¬ 
ery for some months, all died within a year. The cause of death was pressure 
necrosis of artei'ies or e.soi)hagus, or late infections. It was especially difficult 
to obtain a correct angle between the main bronchi to prevent the distal suture 
line from prc.ssure necrosis. Therefore, homotransplants were tried but they 
became necrotic. An autograft of a main bronchus also necrotized when used 
for tracheal I'cconstruction. With the very good clinical experience we have 
from bronchotracheal anastomosis, it is evident that a main bronchus connected 
with its lung and receiving its blood .sn])])ly through the pulmonary artery 
may be used for tracheal I'econsIruction. In dogs it is easy to resect the lower 
12 tracheal rings and do an end-to-end ana.stomosis of the right main bronchus 
and trachea. If too great a tension is exciled on the suture line, a stricture 
formation at the anastomosis will result. In one clinical case of right-sided 
bronchogenic carcinoma, the left main bronchus Avas anastomosed to the trachea 
and after that a right imcumoncctomy was performed Avhieh included the lower 
part of trachea and the first part of the left main lu’onchus. Considerable tension 
on the suture line resulted as the aorta prevented mobilization of the left main 
bz’onehus and a stricture developed. The right main bronchus can bo mobilized 
higher without undue tension on the suture lino. All anastomoses Averc made 
izsing 3-0 chromic catgut on atraumatic needles, in an earlier Avork on the 
bronchotracheal anastomosis, avc found that silk sutures around an anastomosis 
caused suture granulomas Avith stricUirc formation. Catgut Avill diminish the 
incidence of suture granulomas considerably and is therefore routinely used 
for bronchial closure and anastomosis. 

SUMMARY 

An experimental study of the reconstruction of trachea and its bifurcation 
is reported. The use of Ivalon prostheses shoAved good early results but Avithm 
one year all dogs died due to complicatioms, such as pressure necrosis or in lec¬ 
tion. A direct anastomosis of the right main bronchus to the trachea, end- o- 
end, folloAved by an end-to-sidc ana.stomosis of the left main bronclius to ic 
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Obviously, the only hope of reaching an understaneling of tlicse lesions 
is to “eateh” such anomalies in the process of formation, AVitli this in view 
the writer examined part of the large collection of sectioned human embryos 
in the Carnegie Laboi-atory of Embryology in Baltimore.* By great good 
fortune, cysts wore found in the upper lobes of a 31 mm. human embryo, and 
an accessory pulmonary artery in a .slightly older 41 mm. fetus. 

LPNO CrST.S IN .VN EMBRYO OP HORIZON XXIII 

The 31 mm. male embryo shown in Pig. 1 is a perfect specimen obtained 
at operation for tubal pregnancy on a 31-year-old Negro woman. The recorded 
menstrual age of the embiyo was 9 weeks, and the ovulatory ago of this 
horizon was 46 to 48 daj'S (Streeter-"'). The only malformation observed by 
the writer in this embryo was a pair of lung cysts. 

Pig. 2 is a transverse section through the thora.x in the region of tlie 
superior mediastinum. The lungs are in the so-called glandular period of 
development, characterized by early dichotomous budding of the bronchial 
trees. Branches are lined solely by pseudocolumnar epithelium having several 
layers of nuclei. At this stage the lungs do not fill the pleural cavities and 
lie mostly behind the heart. 

A single cyst was present on the ventral (anterior) margin of each upper 
lobe. These were symmetrically placed on right and left lobes and represent 
an enlargement of a terminal bud of the anterior segmental bronchus. The 
light one (arrow, Pig. 2) nms through 34 sections lOp. thick (thought to he 
nearer 12p) and therefore measures approximately 0.4 mm. in diameter. The 
patent stalk to whieli it is appended runs through only 6 sections. 

The cyst of the left upper lobe is shown in Pig. 3, enlarged 100 times. 
It runs througli 42 sections and measures approximately 0.5 mm. in diameter. 
Tile .stalk to which it is attached runs thi’ongh only 4 sections. If the sinik 
of tlic left cyst is patent, it is just barely so. (The section photograiihcd 
passes to one side of the lumen.) Tlie photograplis reveal the fact that both 
cysts are under fluid pressure; for, proximally, the epithelium of each is 
euhoidal, and distally, it is flattened. 

From a mechanical standpoint the explanation might be sought in the 
narrowing of the necks of the terminal bronchial buds, in accordance with 
the Laplace law of pressures in cylindrical tubes (Burton*). But, strangely 
enough, tliis vase-shaped form of the growing bronchial buds is the prevailing 
pattern (Fig. 4). Also, these cysts Iiavc developed before any smootli miiselo 
fibers have formed around the bronchi. Nor can one attrilnifo tlie formation 
of these cysts to any ischemic condition, for tlie broncliial epithelium is 
surrounded by an abundant ple.\ns of capillaries (see Pig. 3). Aside from tbese 
categories it is diffienlt to find an explanation. Naturally one asks uliy cysts 
do not appear in other portions of these lungs. Tliis raises the f)iiestion of time 
specificity in teratogencsis (Wilson***). Since there are critical periods in 

•For this prHltesrP the writer Is niucli to Dr James T^hert. Director of the 

I-^boratory. , 



BRONCHOGENIC CYSTS AND THE THEORY OP INTRALOBAR 
SEQUESTRATION: NE^Y EMBRYOLOGIC DATA 
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S OLITARY or multiloculav cy.sls oI‘ llic hiiigs, filled with air or watery fluid 
and lined with bronchial epithclinin, have long been recognized as congenital 
malformations because, on rare occasions, they hove been found in premature 
and newborn infants. But, so far as the writer is aware, they have nevci' been 
identified in embryos or in early fetal stages. The problem is further compli¬ 
cated by the frequent presence of infection and in the lower lobes, by the 
coincidental occurrence of a systemic imlmonary artery. For these reasons 
the debate still continues as to whether such cysts rc])i'e.sent early developmental 
anomalies or must be attributed to environmental changes of the later fetal 
and postnatal periods. 

For those who hold the former view the most ])opular theory (Ravitcld’) 
seems to be that developed by Pryce and his associates,^'’’namely, that cy.sts 
represent “sequestered” ma.sses within the lung, comparable to “sequestered” 
masses of pulmoJiary tissue found oiitsidc the lung. Both are conceived as 
arising from “traction on the capillary nets of the developing (bronchial) tree 
by aberrant arteries that anchor the mass while the lung is undergoing develop¬ 
mental shifts.” Certainly, the relative frequency with which cysts and accessory 
pulmonary arteries occur together in patients rcquii’ing pulmonary excisions 
has to be explained; but it does not follow that the two must stand in the 
relation of cause and effect—especially in view of the fact that they may occur 
separately. Nor can cysts of the upper lobes be explained by this hypothesis. 
Nevertheless, all who have wrestled with this ])roblem are indebted to Dr. Pryce 
and his associates for having recognized the relatively frequent association 
of these two anomalies in patients and for having ijresonted a tlieoi’y that has 
stimulated so much discussion. 


The two principal objections to the theory are (1) that it is not consistent 
with what is known about developmental ])rocesscs in human and other mam¬ 
malian embryos (Boyden^), and (2) that intra- and extralobar sequestration 
(lower accessory lung) differ from each other in at least seven ways and theic- 
fore “are not related by any mechanism which involves traction by the systenuc 


aberrant artery” (R. Abbey Smith”). 

From tlie Department of Anatomy, University of Washington, Seattle, Wash., and the 
Carnegie Laboratory of EmbiTOlogy, Baltimore, Md. Wash. 
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development when certain agents can interfere witli development, it may bo 
conjectured that at a time wlien these particular buds of tlie anterior segment 
were growing fastest (B’b, Fig. 4) something interfered with tlie metabolism 
of the embryo Once an accumulation of fluid started, the narrow neck could 
aet as a ball vah e, ballooning up the terminal segment. In a tubal pregnancy, 
such as this, the ectopic position of the chorionic vesicle might be a determining 
factor; but similar interference could aiisc in normally implanted embryos, 
witness the experimental production of agenesis of the lung in fetuses of rats 
whose mothers have been deprived of vitamin A. (Sec discussion in article by 
Thomas and Boyden^’). 



Fiff 4—Wax nioOel of tlie l)ronchlal tree of a 13 min luinnn cnibr\o of Horlron XVII 
(After FJfj lOS of Bovden's See'mental Anatomv of the Lung-s, Blikiston Div., JIcGra\%-Hni 
Book Co, 1955) B‘ to B’", <!#’>eloping: scjjmental bronchi. 


Be tlmt as it may, these cysts could well have developed into solitary 
bullae vvliieh years later could imve nipturcd spontaneously. If more buds 
bad been involved, these in turn could have compressed adjacent segments and 
thus have prevented the foimation of alveoli. Eventuall.v the whole lobe 
might have become a mass of evsts (See cases of balloon cysts of infants 


1 —Photograph of a 31 inni htmian einbrjo (Cameglo Coil. Xo 9226) which con¬ 
tained a symmetric\l pair of lung c>sts (X3) 

rig 2—Tran*!%er‘'e section through the superior medfn'^tlnuin of cnibrjo Xo 922C (Xl5) 
The arrow points to a cjst on the anterior margin of the right upper lobo This Is a distended 
terminal hroncliial bud of the anterior segment. Since the left hing Is normally smaller thin 
the right, the corresponding c\st on the left side appetred at a slightly lower lc\el («ce 
Fig 3). 

Fig. 3—The corresponding ost on the anterior mirgin of the left upper Jobe (XlOO) 
The section passes sllRhtl> to one side of the lumen connecting the dlsteruicd terminal bud 
with Its parent bronchus 
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Figs. 1-3 .—^or legends see opposite jiage. 
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jTiff 6—TnnsNer^e «cctIon through the right hmg of Umbrjo Vo rsfil at the level 
where the acces<^ory arterv bends downward (cf top level of Fig o) The ■^jstemlc piilmonarj 
artery Is indicated by an arrow (X-d reluced V) 

Fig "—Transverse section of Cmbrio Vo 63GI showing acce^sorj artery (se** arrow) 
ascf>ndlng to the lung through the pulmonarj ligament <X22 reduced 

Fig S —Transverse section of Fmbr>o No fiSGl showing acccssorj artery (see arrow) 
coursmi, between the leaves of the crus of the diaphragm 
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occupying the entire middle lobe, or the entire right lower lobe, or just the 
superior segment with compression of the rest of the right lou’or lobe (Potts and 
Riker,^' Burnett and Caswell,^ and others loo numerous to mention). 

Incidentally, it should be noted that no accessory pulmonary artery was 
present in this embryo, nor in the infant cases just mentioned. This brings us 
to description of the first case of a systemic i^ulmonary artery observed in 
earl.y fetal stages. 


Aorta -- 



r'lK. 5—Gidpluc .sapittal ieconstiuction of ji II inm. luiiiian embryo (Cainegio Coll., l^o 

hSSl [X^O]) &lio\\iner the topographic lehition.s of on acco.si.oij' piilmonar.v aiter.v ot aoiiic 

oiigin. The piinclpal plane of section is just to the right of the aoi ta On the ' 

the iilane of .section lies paiallcl to the ttrst plane but cuts thiough the middle of the light iu"fe- 


THE ACCESSORY PULMONARY ARTERY 

A systemic pulmonary artery arising from the aorta at the level of the 
tenth intercostal artery, and supplying the peripheral bronchi of the right 
posterior basal segment, was found in a young fetus of the Carnegie 
Collection having a C.R. length of 41 mm. It is of interest to amitomists that 
this was obtained by Br. Lawrence Wharton at the hyslerectoiny of a 32 -yeai- 
old white woman, and that the embryo was dissected out personally by bli- 
Streeter to Avhom we are indebted for so many Contributions to Embryology- 





Ax*ao). 
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The patient liad had one inisearriage 8 years previously, and 2 normal births 
at term. Implantation was on the anterior wall of the uterus, and there was 
“a slight amount of blood in the decidual cavit 3 ^” 

The portion of the embrjm containing the artery and adnexa was recon¬ 
structed graphically by the author and rendered in three dimensions by Miss 
Jessie Phillips. The 3 mm. block shown in Fig. 5 represents 60 transverse 
sections of 50/i each. After the artery leaves the ventral side of the aorta 
it courses ventralward through the leaves of the diaphragm (see Fig. 8, arrow). 
(Presumably, therefore, it Avould haAm emerged from the diaphragm if the 
embryo had reached maturity.) Then it enters the free margin of the right 
pulmonary ligament, from AA'hieh it bulges (see level of guide line labeled, 
A. PTJLM. ACCESS., Pig. 5). Just aboA'e this level it is concealed Avithin the 
broader portion of the pulmonary ligament (Pig. 7). Shortly afterAvard it 
leuAms the ligament to invade the right loAver lobe of the lung. At the height 
indicated in Pigs. 5 and 6 it sprays out and shoAvers doAAm like a Roman 
candle to supply the loAver branches of the posterior basal segment—specifically 
and B'°h (Boyden-). At the same Ica'cI (Pig. 9), it sends smaller branches 
upAvard to supply upper rami of R'®. 

Pig. 9 represents a graphic reconstruction of all pulmonary arteries of 
the right lung beloAv the level of the upper lobe bronchus. Only the arteries 
of the accessory subsuperior bronchus RX* (10),^^ and those of the aortic pul¬ 
monary arterj’- have been draAsni in their entirety—that is, so far as they could be 
traced. 

Five principal obserA'ations may be made. First, the peripheral portions 
of both pulmonary arteries are iii procass of formation. They can be traced 
onl}’’ so far as smooth muscle has formed ai’ound them. Beyond this point— 
AA'hieh is AA'ell behind the tei'minal bronchial buds—they are lost in a minute 
eapillaiy or (arteriolar) plexus. That is Avhy the specific segmental arteries 
of an embryo cannot be identified as such, much before the stage of Horizon 
XIX (Wells and Boyden,-^ Plate 4 and text). 

Second, the bi'anehes of the aortic pulmonary artery resemble closely tliose 
of the right pulmonary artery—both in their structure and in their spatial 
relations to the bronchi they supply—differing importantly only in origin 
and in course, but not in structure. 

Third, the unbranched portion of the posterior basal bronchus is un¬ 
accompanied by any artery. In other Avords, the posterior basal artery is 
absent as such except for the small artery, AX'* (10), Avhich supplies the 
accessory subsuperior bronchus. The aortic pulmonary, Avhich is taking its 
place, does not extend beyond the uppermost budding branches of the posterioi 
basal bronchus. There is thus a "no man’s land" or interarterial zone Avhich 


Pic 0 —Graphic reconstruction of the whole pulmonary arterial system of the “"f 

below the level of the upper lobe bronchus (X30: reduced %). The upper A ® acces- 

shows the lenitive right pulmonary artery. Only the arterial rami accompanying the acces^ 
sory subsuperior bronchus, AX* (10), have been carried as far as they can 1)0 trace h i 

SSI Bi=:? ss: ri/rivt 

pulposi. 
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DISCT3SS10K 

TJie sequence of events described above affords a general explanation of 
why Pryoe’s theory of the “capture” of bronchial buds by “anchored” arteries 
seems not to lit the facts of development. If traction on the bulbous tips of the 
posterior basal bronchus had occurred it should have been revealed at an earlier 
period; for at this stage of development, in this embryo, it is too late. Yet 
it has not occurred and the reason is obvious. The nature of embryonic shifts 
is such that no traction is exerted, even though an artery in the course of 
development meets a given bronchus at an angle (see Pig. 5), Shifts represent 
differential rates of growth with corresponding adjustments in the position 
of vascular trunks. If it were not so, no cmbiyo would over reach maturity. 

Let us now examine the details of Prycc’s thcoiy, so far as they relate to 
embryos. Essential to his hypothesis is the a priori reasoning that “the 
earlier these abnormal vessels begin the greater is the extent of their distribution 
in the lung.” Ergo, . . . “by referring to the embryonic bronchial tree at dif¬ 
ferent stages it is possible to date their origin. Thus, the artery in Boncke’s case 
II (1905) supplies the two sequesti'ated lungs and arises at 3 mm. ... In cases 
II and VII of Prj’cc it supplies the posterior basal sector and arises about 
the 10-14 mm, stage” (Pryce,'= p. 463; sec also Pig. 24, Pryco and others”’). 
This deduction seems quite plausible until one examines the topography of a 13 
mm embryo (the lungs of which arc shown in Pig. 4). Then it appears that 
an aberrant artery, stemming from the aorta just above the diaphragm, must 
have had to arise at about the level of the seventh thoracic vertebra in order to 
maintain its relation to the dowitward migrating celiac artery (see table of 
positions of eeliao arteiy in human embryos, E\ans,® p. 648), Second, it 
would have had to grow up through diffei-cntiating tissues to about the level of 
the fourth thoracic vertebra, in order to invade the hilum of the lung and 
descend through the lower lobe to reach the posterior basal bi’onchi. This is 
unrealistic. But, accepting the hypothesis for the moment, why then should 
it not have captured the whole lower lobe ? 

Another untenable erabiyonic premise is presented in the article of 1947 
(Pryce,”’ p. 23). There the authors state that “the reason it is considered that 
traction by such delicate structures as embryonic blood-vessels, which are 
essentially capillary, can lead to amputation of bulbous tips of the developing 
bronchial tree is that tlie latter are also fragile, being composed only of thin 
epithelium embedded in mesenchyme.” Unfortunately this is far from being 
a correct description. Even in vciy earl.v stages the “bulbous tips” are massive 
bulbs consisting of a thick pseudocolumnar epithelium containing several rows 
of nuclei (of. Streeter,^''’’ Pig. 4, p. 146), and they never become less ma.ssivc 


right lung of a 7 -jear-olil %\hlto girl. Tlie'?e ves>»cH of aortic origin cntorctl the medlftfltlnnl 
surface of the lung at dllTerent levels. The lung had the structure of a left lung and it 
>\is (Irameti by an anomalous pulmon^rj' >ein ■^^hicb entered the Inferior \ena cn\a. When 
Injected with the superb technique «le>clope«l by Dr Uebon. the s>‘»temlc irtorles nerc found 
to supply portions of the lingular segment, the medial-, anterior-, and lateral-basal segment'), 
and all of the posterior basal segment. The rest of the lung nas supplied hy the definitive 
pulmonary' arter>' All of the accessorv arterle**. except the lingular, swept laterally from the 
posterofnferlor angle of the lower lobe As they approached the bronchi "the branches of the 
arter>' became reenned. proceeding laterally in cIo«e relationship with the bronchi, as la 
typical of pulinonar>’ arterio'?. None of these had the spiral anastomosing charade tea of 
a bronchial artery, de'^plto their aortic origin There was no overlap in the territ lied 

by the two sets of arteries'* No c>sts were present In this Jung. 
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is devoid of arteries. To l)e sure, the blastema of this segmental bronchus 
contains minute capillaries which, presumably, Avill be connected with bronchial 
arteries; but these are not to be eonf\iscd Avith the differentiating strands of the 
pjilmonary arteries AAdiich take up a position that is posterolateral to the respec¬ 
tive bronchi and lie AA^ell outside the blastema. 

Fourth, there is no evidence of any extraneous factor, such as compression 
or atrophy, to account for the absence of the definitive posterior basal branch 
{A^^) of the right pubnonary artery. The explanation Avould seem to be a 
much simpler one—namely, that since the groAving tips of pulmonary arteries 
terminate in the peripheral vascular plexus of the lung, the original area of 
distribution of the right pulmonary and tlie accessory artery has been moved 
apart by interstitial groAvtli of the trunk of the posterior basal bronchus. (For 
elaboration of this idea, see "Discussion.”) 

Fifth, the most striking feature of the accessory artery is its relatively great 
length and its nearl}’- vertical course. This, hoAvever, is only a temporary 
situation. Had the fetus liA-ed, and had the lung groAvn doAvn to its definitive 
position, the artery Avould have become jiearlj’- horizontal and Avould have 
resembled both in position and distribution that of Kinsella’s case (see Boyden,- 
Figs. 120-122). 

One may noAV ask, AAdiat Avas the original position of this systemic pulmonary 
artery. In the 4 to 5 mm, stage A\'hen it first appeared (age 28 to 30 days. 
Horizons XIII-XIV) it must haA^e arisen at the level of one of the upper 
cerAueal A^ertebrae and have had the appearance of a more or less horizontal 
branch passing from the ventral side of the left aorta to the closely adjacent 
visceral plexus surrounding both the esophagus and trachea and the tAvo lung 
buds.* Tobin has draAvn such a hypothetical branch in his discussion of the 
origin of bronchial arteries (Tobin,=- Fig. 1). The stage in question is that 
in AAdiich the lung buds and esophagus are closest together. At any later time 
it Avould be impossible for a Amntral branch of the aorta to reach the bottom 
of the lung Avithout traveling a most circuitous course. At this early stage, 
the celiac artery lies at about the leiml of the seventh cervical vertebra 
(Evans,® p. 648). BetAveen this stage and the stage of the 41 mm. embryo 
(see Fig. 5), the accessory pulmonary artery and the visceral arteries beloAV 
it AAdll shift their points of origin along the ventral side of aorta faster than 
the lung groAA^s doAAUiAAmrd (for discussion of this mechanism see Evans,® p. 648). 

In summary, the folloAving sequence of events can be established: first, 
the accessory pulmonary artery is approximately horizontal, lying in the region 
of the upper cervical vertebrae; second, its aortic end shifts Avith the Adsceral 
arteries, doAvn along the ventral side of the aorta, until the artery becomes 
nearly vertical; third, the lung catches up Avith it and the artery to the base 
becomes nearly horizontal again. This shift in position explains Avhy the upper 
portion of the accessory artery, in the stage shoAvn in Fig. 5, meets the posterior 
segmental bronchus at an angle and then curves doAAOiAA'ard to supply its 
branches.! 

*Cf. Congdon’; BuelP; Str«eter=<’»; and Neill^. 

■fA similar relationship of systemic arteries to bronchi has been reported recentW by 
liaiasz, Halloran, and Liebow.” They encountered si.x accessoi'y pulmonary arteries in 

(Cant’d OH opposite page.) 
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otheis) 01 m cases wheie tlieie aie five oi si\ aortic pulmonaiy aiterics supplj 
ing peiiplieial branches of tlie hngnlar and basal segments (Ilalasz and asso 
ciates®) Indeed, it is quite possible—^witness the 57 oases collected by Cole, 
Alley and Jones'—that sjstemic aiteiies to the lowci lobes aie inoio minicions 
than lias been suspected, and that many aic iievei seen, suigieally, because 
they arc not associated with diseases of the lung oi otliei ciieumstances lequiiing 
suigieal intenention 

Because of these eoiisideiations, the niitei suggests that until theie is 
evidence to the contiaiy one must faU back upon the thcoiy of ooineidental 
oceunence of lung ejsts and svstcmic pulmonaiy aiteiies An analogy to this 
may bo found in eases of agenesis of the lung This lesion can be piodiiced 
expelimentallj iii fetal lats bj feeding the niothci with a diet deficient in 
vatamin A Piequentlv associated with this condition are anomalies of the 
aoitic aiches (Wilson and Waikanj”') Yet eithei condition can bo piesent 
without the other 


SUMMARY 

Lung eysts developing spontaneously m a 31 mm human embijo, and a 
sjstemic pulmonaiy aiteiy suppljuiig the postciioi basal segment of a 41 mm 
fetus have been diseoveiod in sectioned human cmbijos of tlie Caincgie CoUee- 
tion These anomalies have been deseiibed and discussed in lelation to Piyce’s 
tliooiy of mtialobai sequcstiation It is conolnded that a hypothesis of comoi 
dental oceunence of these anomalies in ccitain patients is still all that can be 
wan anted by the facts at oui disposal 
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(Figs. 3 and 6) until tlie glandular jjeriod of growth is completed. How, then, 
is it mechanically possible for such bulbs to be “captured" by vessels that “are 
essentially capillary"? 

A third source of confusion is the belief tliat there is competition for the 
lung buds on the part of the two arteries (Pryce and others,^® p. 22); or that 
the persistence of the systemic artery is due to some breakdown in the formation 
of the puhnonaiy artery (Smith^®). What really happens is tliat very early 
in development the trachea, the paired bronchial buds, and tlie esophagus are 
surrounded by a visceral plexus of capillaries. Soon this system is tapped by 
incipient pulmonarj^ arteries and veins and by any aberrant systemic channel 
(arterial or venous) which happens to be present. It is the ])er.sistence of these 
latter connections which produces the varied vascular anomalies reported in the 
literature. When such an accessory arterial channel pei’sists, it merelj^ takes over 
the bronchial buds in its vicinity while the incipient pulmonary artery lakes over 
the rest. These zones may then be moved apart by interstitial gro^\4h of the 
larger bronchi so that a “no-man’s land" is left between them.^ Neither 
artery has failed or overcome the other; each merely I'cstricts itself to the 
bronchi with which it is in contact. Meanwhile, the proximal portions of both 
the tjq^ieal and the accessory pulmonary arteries begin to develop smooth muscle 
coats—dense tunicae mediae which distinguish them as ai'tcries. But this zone 
of differentiation always remains a certain distance behind the growing bronchial 
buds. Presumably also, in time, the wall of the systemic arteiy may develop 
a wall like that of the pulmonary artery which is predominantly composed of 
elastic tissue. 

Finally, there are the numerous reasons why intra- and extrapulmoiiary 
sequestration should be considered as having a different etiology. These have 
been covered so thoroughly and critically by 11. Abbey SmitlP® that this ground 
need not be harrowed again. 

How then may the frequent concurrence of lung cysts and systemic pul¬ 
monary arteries be explained? A veiy attractive theory is the one presented 
by B. Abbey Smith^®—namely, that after birth that portion of the lung Avhieh 
is subjected to systemic blood pressure may undergo cystic and fibrous degenera¬ 
tion. The strongest evidence that can be summoned in support of this theory 
is Potter’s observation^® that inti'alobar sequestration has not yet been detected 
in 10,000 post-mortem examinations of children under one year of age. But, 
as Dr. Potter would be the first to point out, failure to demonstrate a condition 
in innumerable autopsies does not establish the fact that it cannot occur. It 
merely means that if it does occur it is extremely uncommon. Also, it is prob¬ 
ably that conditions which are not immediately lethal seem to be recorded 
less often in autopsies tlian one would anticipate from their occurrence in the 
general population. Finally, Smith’s theory would require explanation of the 
absence of associated cysts in mature individuals in which there is a stout 
systemic pulmonary artery (e.g., cases by McCotter,“ Pryce,®® Kinsella,®” among 

♦Later, perhaps, this interarterial zone may be bridged by bronchial arteries and tlieir 
anastomotic connections with the pulmonary arteries. 
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G RANULO'MATA of the mediastinum assume suigieal significance fiom two 
aspects Fust, they may picsent as mediastinal tiiiiiois of undeteiniined 
etiology for which CYploiatoiy thoiacotoiny is indicated foi diagnostic pm 
poses' ’ Second, they occasionally encioaeh upon vital neighboiiiig stiiic 
tmes and cause complications involving the tiachea, bionchus, lung, esophagus, 
or supeiior vein cava ^ 

In tlie eaily lepoits, these lesions weie designated “tubeiculoiiiata t ’ ” 
Actually, they ate conglomeiatc caseous gianulomata of lymph nodes path 
ologioally, often deseubed “coiisisttnt with tiiheicnlosis ” Although giosslj 
and histologically they aie typical of tubcienlosis in most of the cases, the 
etiology cannot bo dctei mined with accuiacy because oiganisms arc often not 
denionstiable in the lesions Fungi aic also know to pioduee similai lesions 
A iiioio aecHiate designation is thciefoie “mediastinal giaimloma ” 

Theie have been soteial lepoits of these gianulomatous mediastiml tu 
mots being removed eithei entiicly ot partially These eases weie siimmaiized 
by ICunkel, Clagett, and McDonald,'” and they lopoited 32 eases pioved at 
tlioiaootomy including 10 of then own Subsequently, Peidiie and Gtiilfoil'® 
lepoited 3 additional cases Altliough these gianulomata aie consideied to 
be of tuberculous oi fungus origin, thcie is no longteim followup of these 
patients to indicate that they icmain free of fuithci manifestations of active 
disease foi significant lengths of time This lepoit deals with 19 patients who 
were subjected to exploiatoiy tlioiacotomy foi mediastinal tumois wliieb 
pioved to be gianulomata They have been followed foi peiiods up to 9 years 
Clinical Aspects —The majoiity of these pitioiits wcie discoveied to have 
mednstinal masses on loutine iocntgenologieal evaraination of the chest Two 
patients lepoited having Ind some discomfort iii the chest One patient had 
pain 111 light shouldei and light aim (Case No 14) Two patients hid a slight 
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tTuberculomata are firm discrete roun I lesions On section the> ma> present a 
laminated appearance with concentric rings alternating with areas of calcification Allcro 
scoplcaily one invariably finds areas of caseation Should tliej present an area ot central 
cavitation thej should not be designated as true tuberculomata 
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daily elevation of temperature for 3 weeks prior to admission. Four patients 
complained of cough, one with hemoptysis, several years previously. One pa¬ 
tient (Case No. 15) complained of fever, malaise, and weight loss (subsequently 
developed overt pulmonary tuberculosis 2 months postoperatively). One pa¬ 
tient (Case No. 17) was placed on streptomycin, isonicotinie acid hydrazide 
(INH), and para-aminosalicylic acid (PAS) therapy after biopsy of a medias¬ 
tinal tumor showed granuloma; the mass increased in size roentgenologieally over 
the next several months and excision Avas performed. One patient, who had 
a partial esophageal obstruction due to gi’anuloma, had dysphagia for 2 years. 

Phj^sical examination Avas noncontributoiy in each ease. Hematological 
examination, ui’inalysis, and the other usual laboratory examinations Avere not 
helpful in establishing the diagnosis. 

Skin tests for tuberculosis, eoccidioidomjmosis, and histoplasmosis Avere 
performed in many of the cases. The results of these tests are tabulated in 
Table I. 

Bronchoscopy was performed in many of the cases. No endotracheal or 
endobronchial lesion Avas demonstrated, but extrinsic compression of the tra¬ 
chea Avas present in one ease. Esophagoscopy Avas negative in the case in 
Avhieh esophagram revealed an extrinsic mass enci'oacliing u])on the esophagus. 

In none of these cases Avas there any concomitant lesion visible on the roent¬ 
genogram or evident on phj'^sical examination Avhich made it possible to con¬ 
clude that the mediastinal mass Avas definitely tuberculous or fungous in origin 
and not a mediastinal tumor of other type. 

Roentgenological Asj^ects .—The majority (15) of these mediastinal gran- 
ulomata presented as mediastinal masses projecting from the mediastinum to 
the right above the hilum of the right lung (Pig. 1). Typically, they Avere 
situated in the right paratraehcal region, Avere usually lobulated, and occasion¬ 
ally revealed spotty calcification. Tomography Avas useful in delineating the 
size, position, and character of these lesions. One of the masses Avas situated 
beneath the earina of the trachea, one at the left hilum, and one at the left 
heart border. One case presented a mediastinal tumor encroaching upon the 
esophagus, suggesting the possibility of a leiomyoma of the esophagus (Fig. 
2). These masses ranged in size from 2.5 cm. to 8 cm. in the largest dimen¬ 
sion. In none of these case Avas there significant hilar adenopathy (one pre¬ 
sented as a left hilar mass). In no case Avas a lesion noted in the lung fields. In 
one patient (Case No. 14) obstruction of the right subclavian vein Avas demon¬ 
strated by angiography. 

Anatomic Aspects .—Fifteen of these granulomata presented in the right 
paratraeheal region beneath the mediastinal pleui’a, immediately superior to 
the right hilum. They usually Avere situated superior to the azygos vein and 
anterolateral to the trachea, somcAvhat posterolateral to the superior vena 
caAm. Very often the mass Avas intimately adherent to the trachea, bronchus, 
superior vena cava, azygos vein, or pulmonary artery. Occasionally additional 
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on enlture had been positive for acid-fast bacilli microscoiiically. Llany of 
the grannlomata were examined microseopicall 3 ’^ and cultured for fungi, and 
one was positive for Histoplasma capsidahim. 


A. 



B 

Pig-. 3.— A, Gross appearance of typical mediastinal granuloma, 

B, Gross appearance of a mediastinal granuloma which was partially opened during 
es-cision. 

Surgical Asijects .—Sixteen of these lesions were approached through a 
right posterolateral thoracotomy and 2 through a left posterolateral thoracot¬ 
omy. One was approached at a first stage bj’- right thoracotomy, and because 
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Avas not chen. The postoperative course svas uneventful, and the Jjatient ’.va.s 
disehareed 4 w'eek.s poctoperalis'cly. AVhile at homo he hc?an to have ftvei- 
anil malaise asain 2 months postoperafively and v,'.'es readmitted to the hos¬ 
pital wath bilateral apical pulmonary tuhereulosis. Treatment with strepto- 
inj ein anil P.VS was then instituted and continued for S months. Tie is asj’mpi- 
toinalif at pi-fsent. 

Despite the fact that there ’.vas no i-ray or haeferiolorfo evidrnee of pul¬ 
monary tubereulosi-. preoperativcly. it may be that this patient was sutierin" 
from ailiM tubi nulosi-, at the time of thoraeotomy. In any event, his resist- 
anci to tiibiicuiosLs was in''mnej<nt to prevent the development of bil.iferal 
apit.il pulmonary lesions. Povtop-rativc anlituhercuheis ehemothf rapy may 
liase piesentid thi de-. • lopment o; elimeally aetive fiulmonary tubereuhisis in 
this cast 

Case Xo 1C had i.arae suhe.arinal mass rtmoved through a Dft fhora- 
eotoniy afti r p'-mo’.- -ieht thoracotomy had not rf’.en .ideouate erposurc 

for vemio a! ' 3 "t - ::_-- Ho rec.-r.e<l no h^l rest or chemotherapy for tuhereu- 

losis poster-—.* - “ T .e iesion p.a;ho!oaeai!y -v.-ts nor.epcmCe tih.’oea.»eoTis 
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it Avas impossible to remove the subearinal mass at the first operation, a left 
thoracotomy Avas performed later to complete the remoAml. Posterolateral 
thoracotomj^ through the fourth interspace gaA^e excellent exposure of the 
typically placed paratracheal mass. The azygos Amin Avas diAuded in most 
cases in AAdiich excision of the mass Avas performed. 

Upon exposure of the mass, it Avas found to be injudicious to attempt 
remoAml of the granuloma completely in 6 cases because of marked adherence 
to the ti'achea, bronchus, Amna caA'a, or pulmonary artery. Therefore, biopsy 
only AA'as performed in 2 eases and partial excision of the mass Avas performed 
in 4 eases. In the remaining 13 eases, the mass Avas remoAmd completely. In 
a number of these cases, the mass Avas opened during the course of removal 
and the caseous material Avas spilled into the thoracic caAuty. In one case, 
the right paratracheal mass Avas intimately adherent to the right upper lobe 
of the lung and a AA'edge of right upper lobe Avas removed along Avith a portion 
of the lesion. Partial excision of the mass in Case No. 14, in Avhich obstruc¬ 
tion of the right subclavian vein Avas shoAvn preoperatively, relieved the venous 
obstruction. 

Postoperative Complications and Treatment. —All of these patients recov¬ 
ered from their thoracotomy Avithoxxt complication. There Avas no case of 
empyema or pulmonary infiltration recognizable postoperatively (except for 
Case No. 15). Eleven patients received some combination of streptomycin, INH 
and/or PAS for periods ranging from 6 Aveeks to one year Avith no postopera¬ 
tive evidence of disease dixring folloAV-up periods Axp to 6 years. Tavo patients 
received bed rest only in periods ranging from 3 months to 5 months, and 
these patients are all Avell in folloAv-xxp periods xxp to 9 years. Six patients 
receiAmd no postoperative therapy directed toAvard the prevention of compli¬ 
cations or exacerbations of tubercxxlosis, and 2 of these patients have subse¬ 
quently deA'eloped actiAm pulmonaiy tubercxxlosis. One of the patients that re¬ 
ceived no particxilar ixostoperative theraixy A\ms demontrated to have Histo- 
lilasma capsulatinn organisms in the specimen, and he has been Avell for £1/^ years 
folloAving biopsy of the mass. 

Follow-up of These Cases. —These eases liaxm been folloAved xxp to 9 years, 
and all hax'e been asymptomatic Avithoxxt eAudenee of further disease except 2 
patients. 

Case No. 15 had a histoiy of malaise, fcAmr. night SAveats, and a 20-pound 
Aveight loss for one month prior to admission. Physical examination revealed 
no abnormalities except for fever of 103° P. Roentgenogram of the chest Avas 
negative except for a right xxpper mediastinal mass. Sldn tests for tuberculo¬ 
sis Avere positive. Dixring hospitalization, the temperatxxre returned to noi’inal 
and the patient gained 10 poxuids. • Appi-oximately 6 Aveelvs after admission, 
thoracotomy Avas performed Aidth a preoperath'e impression of Hodgkin's dis¬ 
ease, and the mediastinal mass Avas excised. Small nodules Avere felt deep m 
the sxxbstanee of the lung. No biopsy of these Avas taken because of the depth 
of the lesions in the lung. The specimen Avas a fibrocaseous granuloma, and 
smeais and cultures for tuberculosis Avere negatiAm. Antituberculosis therapy 
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these structures. However, because most of these granulomas do not cause 
serious complications, biopsy alone is sufficient if further excision appears to 
be contraindicated. 

Mediastinal granuloniata of tuberculous origin are probably manifesta¬ 
tions of postprimary localized mediastinal lymphadenitis. The development of 
clinical pulmonary tuberculosis in 2 of these 19 patients is probably not a result 
of the surgical intervention i^er se, but is a manifestation of a constitutional 
susceptibility of these individuals to tuberculosis. These individuals may 
develop exacerbations at any time, since they harbor latent tuberculous foci. 
Medlar^® has emphasized that caseous foci contain viable tubercle bacilli that 
may cause a relapse of disease years later. Because the 2 patients who devel¬ 
oped clinical pulmonary tuberculosis did not have antituberculous chemother¬ 
apy, we now assume that all of these granuloniata which are not demonstrated 
to be of fungus etiology are of tuberculous etiology although organisms are 
not demonstrated. Therefore, all of these patients in whom a fungus is not 
demonstrated in the lesion receive antituberculous ehemotherap 3 ^ routinelj^ for 
6 to 12 months. The ehemotherapj'' is given to prevent possible sequelae of con¬ 
tamination of the pleural cavity with the contents of the granulomata during 
removal and to prevent further exacerbations elsewhere. We prefer to give 
INH and PAS and reserve streptomycin for iiossible fui-ther use in the future. 

CONCLUSIONS 

1. Exploratory thoraeotomj’' is necessary for the diagnosis of mediastinal 
granulomata when there is no other clinical evidence which would indicate the 
granulomatous nature of these lesions. 

2. Removal of a portion of the granuloma for biopsj’^ is essential in every 
case. Excision of as much of the mass as is feasible without undue risk is 
accompanied by no further complications than biopsy alone. 

3. Postoperative antituberculous therapy for 6 to 12 months should be 
administered to prevent subsequent spread or reactivation of tuberculosis un¬ 
less a nontubereulous etiology is definitely established. 

The authors wish to express their deepest appreciation to Dr. J. Maxwell Chamberlain, 
who first advocated exploratory thoracotomy for possible mediastinal granulomata at the U. S. 
Naval Hospital, St. Albans, who operated upon the first patient, and who gave many val¬ 
uable suggestions during the preparation of this manuscript. We also wish to thank Dr. 
Robert Klopstock, Chief of Thoracic Surgery at the U. S. Veterans Hospital, Brooklyn, 
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TUarOR-FORMING AMYLOIDOSIS OF THE LUNG 


Frank Bergman, M.D., and Erland Linder, M.D. 

Lund, Sweden 

I NCOMPLETE knowledge of the etiology and nature of amyloid degenera¬ 
tion makes classification of amyloid disease difficult. In 1929, Lubarseh® 
suggested a uniform nomenclature and coined the teian atypical amyloidosis 
for those cases deviating from the well-known classical type. Herxheiraer and 
Reinharf* suggested a division of amyloidosis into two t 3 qies, namely general¬ 
ized and local, while Rosenblum and Kirschbaum'’^ classified the condition as 
primarj' or idiopathic and as secondarj’’ or sjnnptomatic with subdivision of 
each group into diffuse (typical) and local (atypical) forms. King® based his 
classification on the anatomic distribution and distinguished tj’-pical and atypi¬ 
cal amyloidosis associated or not associated with other disease. The classi¬ 
fication often referred to in the literature is that suggested by Reimann and 
associates.^® They recognized three groups in addition to the secondary amy¬ 
loidosis of chronic infectious diseases, namelj’’, primaiy atypical amjdoidosis, 
characterized among other things by the absence of any disposing basal dis¬ 
ease; nodular, solitaiy or multiple local amjdoidosis (amjdoid tumors) and, 
finally, amyloidosis associated with multiple mj^eloma. Though nodular amy¬ 
loidosis is usualty primai'ily atypical, it appears justified to assign amyloid 
tumors to a special group because of their characteristic pathologic features. 

Amjdoid tumoi’S have been the subject of research for many jmars, espe¬ 
cially in German}'. Leupold® emphasized the value of publishing eases of 
localized amjdoidosis and stressed the importance of descriptions of the tumors 
in the elucidation of problems bearing on amjdoidosis. The factors considered 
of importance for the development of secondary amyloidosis can nearlj' al- 
waj's be excluded in nodular amjdoidosis. Another essential difference is the 
fact that amyloid tumors are seldom seen in parenchymatous organs. They 
shoAV a predilection for striated or smooth muscle, skin, lymph nodes, and, 
occasionally, for the mucosa of the digestive and urinary tracts. The base of 
the tongue is also a common site of circumscript nodular amyloidosis. Multiple 
amyloid tumors in the upper respiratory tract are not uncommon. This form 
of amjdoidosis is rarely seen in the lung parenclijuna, and a search of the litera¬ 
ture failed to reveal reports of more than 13 eases. All of them have been 
recently reidewed (Glauser"). The iiulnionaiy changes sometimes produced 
symptoms of pneumonia and pleui'isj', sometimes thej' produced no clinical 
syniiitoms and ivere discovered incidentally at roentgen examination or post 
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mortem. In one case of solitary amyloid tumor, the patient, a man aged 66 
(Hajnies and co-workers^), was operated on because of a presumjitive diag¬ 
nosis of pulmonary tumor. In the ease reported below the preoperative diag¬ 
nosis was secondary lung tumor from a primary tumor elsewhere. 

CASE REPORT 

K. A., a farmer aged 67 years, was treated conservatively for duodenal ulcer in 1932 
and 1933. In 1955, the patient sustained a blow against the left flank with costal infrac¬ 
tion (site no longer demonstrable in roentgenogram), otherwise he had always felt well. 

He was admitted to the department of thoracic surgerj' on Aug. 29, 1956, after re¬ 
peated mild infections of the respirator 3 ' tract during the previous 3 to 4 months and a 
markedlj* progressive nonproductive cough for 5 weeks. An eailier roentgenogiam of the 
chest (August 17) had shown the piesence of at least 3 tumoilike changes in the left lung 
(Fig. 1). Of these, 2 were located in the lower lobe and one in the upper lobe. 

Apart from the troublesome cough, the patient felt well. Eoutine examination 
revealed no pathologic palpatoij' changes of the internal organs or Ij'mph nodes and 
roentgen examination of the digestive tract, urinaij' tract, and skeleton showed nothing 
abnormal. The blood values and the blood picture weie also noimal. The sedimentation 
rate was 16 mm. per hour. 




Fig. 2.—Schematic drawing of the localization of the piocesses as seen at exploratory 

thoracotomy. 

Bronchoseopj' showed nothing abnormal, and histologic examination of the bronchial 
secretion contained no cells ascribable to a malignant piocess. However, since there was 
still reason to suspect that the roentgenographic lung changes were malignant, exploiatorj' 
left-sided thoracotomj^ was performed on Sept. 14, 1956. 

Ko pleural changes were observed. However, a flat, well-defined and sliglitly nodular 
tumor, the size of a billiard ball, was palpated at the border between the apical and basal 
segments of the lower lobe and just below the visceral pleura. Adjacent to this lump was 
a similar tumor the size of a walnut, which extended to the oblique fissure. In adjacent 
parts of this apical segment of the lower lobe were smaller indurated foci. Two more 
w'alnut-sized tumors of the same nature were felt in the upper lobe. One was located m 
the upper lingual segment and the other, which was not demonstrable in the roentgeno 
grams, was located in the anterior subsegment of the apical segment (Fig. 2). 

All the tumors felt alike; they^ were firm to hard and surrounded bj' macroscopicallj 
normal lung tissue. Tho smaller of the two lowei lobe tumors ivas enucleated for 
histologic diagnosis. The microscopic picture was not suggestive of malignant tumor. 
process was of homogeneous character and contained abundant amjdoid deposits. 
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receipt of the pathologist’s report, the operation was continued with removal of the lower 
loho and enucleation of the two upper lobe lumps. Nowhere had the tumor involved the 
large bronchial branches. 

The postoperative course was uneventful, and Id days later the patient left the 
hospital (Sept. 29, 1956). During the first few weeks convalescence was smooth, and the 
patient had no respiratory tract symptoms. However, he fell acutely ill on Oct. 12, 1956, 
with a virus infection of influenza tyjre. and 2 days later expectoration was abundant and 
sometimes sanguinolent. The patient was readmitted to the department of thoracic surgery 
on October 16. Eoentgen examination of the lungs showed an intrapleural space partly 
filled with fluid and located at the earlier site of the enucleated tumor in the apical segment 
of tlie upper lobe. Intense antibiotic therapy controlled the fever, and the initiallj' 
abundant expectoration ceased. Three weeks later, slight albuminuria and microscopic 
hematuria were noted. These signs were still persistent when the patient left the hospital 
in an otherwise good condition on Dec. 1, 1956. Since then the patient has had no respira- 
torj' tract symptoms (Fig. 3). 



Fig. -1.—Gross specimens from tlie large tumor in the lower lobe and from one of the 
tumors m the upper lobe. The cut surfaces were waxhke with scattered ill-deflnod darKoi 
poi tions. 

Supplementaly Examinations .—Because of the histologic picture of the processes, the 
blood and urinary proteins were repeatedly determined, but without providing an)' support 
for a diagnosis of myeloma. Further roentgen examinations of the skeleton w’ere also 
negative. Electrophoretic analysis of proteinbound blood carbohydrate shorved normal 
values. The blood-forming bone marrow w'as normal. Further examination, because of 
persistent renal symptoms, suggested the possibility of glomerulonephritis. The patient 
is still under observation. 

Macioscopic Examination .—The specimen consisted of the entire left lower lobe and 
2 tumors from the upper lobe. The largest diameter of the tumor in the lower lobe vas 
6 cm. The other tumors rvere barel)' the size of W'aliiuts. The tumors were well define 
against the surrounding lung parenchyma, which wms markedly compressed at several si es 
and the tumors were enucleated without difficulty. The tumors were firm or hard an le 
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Histologio Examination .—The tumorlike deposits in the lung were built up of closely 
packed homogeneous trabeculae and laminae, poor in cells, between which were thin 
streaks of connective tissue with spindle-shaped cells. In large regions the tissue was 
loose and granular. Between the trabeculae were small deposits of carbon. Adjacent to 



Fig. 7.—Deposit of muUinuclear priant cells and round cells in slit-shaped spaces adjacent to 
a cartilaginous island in the middle of the large lower lobe tumor. 



Fig. 8. —^Artery with amyloid deposits in all layers of the wail and pronounced narrowing 

the lumen. 

and often radiating from the localized eircumscript deposits were other 
alveolar septa and neighboring vessels and bronchi. The alveolar septa were t uc 
and the capillaries were markedly narrowed. The changes decreased toward the penp 
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tissue or the vessel walls, while other authors (W. Fischer^) do not believe 
that giant cells have any phagocytic power but interpret them as a manifesta¬ 
tion of a tissue reaction to a foreign substance. However, the fact that, as in 
the case under discussion, the cells often contain a substance staining like 
amyloid argues for the cells possessing phagocytic power. In experimental 
investigation on animals, Ljubimow'' has shown that amyloid transplanted 
under the skin is absorbed by giant cells. Then, however, the amyloid ab¬ 
sorbed by giant cells often loses its typical color reaction, a loss which has been 
accepted as a sign of chemical change in the absorbed amyloid. 

Calcification and ossification in amyloid tumors have been observed in 
many cases on recoi'd. Small regular cartilaginous islands have also been 
reported. While the cartilage is probably derived from the bronchi, whose nor¬ 
mal structure is obliterated by am 3 doid deijosits, the spongy trabeculae are 
probably ascribable to an angious bone formation (ScheideggeF-). The calci¬ 
fication is often accoanpanied b^'' fatty degeneratioia of the tumors. 

The occasionally abundant deposits of plasma cells in the amjdoid masses 
anea'it commeut. Diffuse or circumscriiat aan 3 doid deposits are relatively com¬ 
mon in laiultiple m 3 '-eloma, and then usuall 3 ’' with the typical localization of 
primary aaaayloidosis and iia myeloma foci as well as iai and ai'ouaad joints. In 
the present ease, thorough, repeated clinical examinatioaas failed to reveal any 
definite support for multiple m 3 ’-eloma, and the assumption that am 3 doid 
tumors in the present case are due to multiple myeloma and represent extra¬ 
medullary iityeloma foci appears less likely. 

SUMMARY 

A report is given of a ease of multiple nodular am 3 doidosis of the lung in a 
man, aged 67. Eoentgeii examination revealed 3 of I rounded formations in the 
left lung. The lower lobe was removed and the tumors in the upper lobe were 
enucleated. Histologically, the tumors were built up of homogeneous masses, 
poor in cells and staining like amyloid. Alnuidant round cells, mainl 3 ’^ plasma 
cells, were observed as well as multinuclear giant cells and, in some regions, 
deposits of bone and cartilage. 
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LIPOMAS OF THE BRONCHUS 
A Presentation op Two Cases and an Analysis op the Literature 

James B. Hutcheson, M.D., William M. Ashe, M.D., and 
Donald L. Paulson, M.D. 

Dallas, Texas 

B ronchial lipomas, as well as other benign bronchial neoplasms, formerly 
pathologic curiosities, have become surgically remedial conditions as tech¬ 
niques for accurate diagnosis and successful removal have been developed. 

Kernan,^ in 1927, was the first to treat a bronchial lipoma by surgical 
means when he successfully removed one by bronchoscopy. Prior to this time 
three such lesions had been reported from autopsy material.-'^ Since Kernan’s 
report, however, 19 additional lipomas or lipofibromas have been treated by 
bronchoscopy,bronehotomy,^® or where irreparable lung damage was pres¬ 
ent, by lobectomy”'^''’ or iineumoneetomy,*® while only 2 cases have been added 
from autopsy sources.-*- Thus, the modern management of another disease 
process capable of destroying the host has developed from knowledge gained 
through post-mortem studies. 

All benign endobronchial tumors fundamentally exert similar influences 
on the lungs; by partial to complete obstruction of the bronchial lumen, the 
egress of normal secretions from the bronchial mucosa is obstructed, and in¬ 
flammation in and around the smaller bronchi and broncliioles occurs with 
pneumonitis, abscess formation, and/or bronchiectasis as the result. 

CASE REPORTS 

Case 1.—A 56-year-old ■white man ■was admitted to Baylor University Hospital he- 
cau.se of a nonproductive, persistent cough of 10 inontlus’ duration. Ten months previously 
he had developed a "respiratory, fiu-like infection." Two months before admission he 
became feveri.sh and an x-ray examination of the chest was reported ns showing fibrosis 
and pleuritis. 

Posteroanterior, lateral, and laminographie examinations of the chest (Pig- 1) 
vealed pneumonitis and atelectasis of the basilar segments of the right lower lobe. A 
nodularitj- in the region of the hilus ■was suggestive of carcinoma. 

Bronchoscopic examination demonstrated a rounded, smooth, pulsating, epithelizod 
mass .■just beyond the superior segmental orilice of the right lower lobe which almost com 
pletely occluded the lumen of the ba.silar segmental bronchus. Biops 3 ' of the puls.iting 
tumor was considered inadvisable. 

Thoracotomj’ by one of us (W. M. A.) revealed the basilar segments of tlie low er lo) 
to be markedly involved in suppurative pneumonitis with thick vascular adhesions cx en 

From the Departments of Pathology and Thoracic Surgery, Baylor University Hosp" 
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between the visceral and parietal pleura. The hilar and right middle and lower peri¬ 
bronchial lymph nodes were moderatel 3 ’ enlarged, soft, and succulent. The upper and 
middle lobes appeared unremarkable. Accordingly, the right lower lobe ^vas resected. 

Pathologic examination: The specimen consisted of a right lower lobe which weighed 
335 Gm. A pyriform tumor arose by a narrow pedicle from the wall of the basilar seg¬ 
ment and projected proximally to occlude almost the main bronchus of the basilar seg¬ 
ment (Fig. 2). The tumor measured 13 bj’' 10 bj' 10 mm. while its stalk measured 3 mm. 
in length and 2 mm. in diameter. Its external surface was wrinkled and its interior was 
of a jmllow-graj', solid, rubbery consistencj'. 

The basilar segments of the lobe -were atelectatic and nodular while the superior seg¬ 
ment was of normal consistenej’. 

Microscopic examination (Fig. 3) disclosed a relativolj' smooth, intact, respiratory 
epithelium covering the tumor with frequent epithelial invaginations. In some places the 
epithelium was only one cell in thickness, while in other places, squamous metaplasia had 
occurred. The interior was composed of adult fat cells supported by a scantj' fibrovascular 
stroma. A zone of fibrous scar tissue separated the surface epithelium from the interior 
of the tumor. The pathologic diagnosis was fibrolipoma of the right lower lobe bronchus 
with chronic obstructive pneumonitis. The patient has been free of .sj’mptoms during the 
ensuing 16 months. 



Pig. 4.—Case 2. Atelectasis of RUL which resulted from bronchial obstruction due to lipoma. 

(APIP Acc. No. 138325-3.) 

Case 2.—A 32-j'ear-old white man was admitted to the Brooke General Hospital, 
Fort Sam Houston, Texas, because of a cough of 21 months’ duration, accompanied bj a 
loss of 35 pounds of bodj’’ weight. Pains in the back and right chest had been present 
for one year. M-Tay studies revealed atelectasis of the right upper lobe (Fig. 4)- As a 
biopsj' obtained by bronchoscopj' was suggestive of anaplastic carcinoma, a right pneumo 
nectomy was performed bj" one of us (D. L. P.). 

Pathologic examination: The pleural surfaces of all lobes wore covered bj 
fibrinous adhesions. At the origin of the right upper lobe bronchus a polypoid mabs 
the lumen and projected into the right main bronchus (Pig. 5). It was attachec Jj 


VATjVUliA® 

bT^Vs-" 

t“" - ””-"::: 

o'ItIIgV p3-P®^’ . Q f\o"S InnfT-tCVTU 

®TnI *0.0 o£ BUisou and 

50-workoi's untHons , g under 

pvo.ont *om. m 18 ^ongel 

f f sr*e^£ 

n’os . and coronary .vas 


anoir^-SS^S-^^tS^ 

Hi^ii#is£^s2 


,„.eS^o^*^"■'®'!^'^as^e-csU^^^^^ The opeia ^„^tUetor Vi* *« 

and *0 “'^‘^'■'Icd'sUU sutnres. ^ ttirongU a ^vero ’■’ooo''^®^^ 

eldest and PO«f"„ elcetromanomctcis. ^ijcUomcs ioi 

r 10 as men*. *v*cr .ndj^^d“ 

4 to 6 won*. . As^oclaU«;^|C^e. emoo ^^ ,151 

- -- „,e Gcorcla S^nSiartment or Research Grant 

,;prcsont a.Wrcsa 64J 



642 


HUTCHESON, ASHE, PAULSON 


T. Thoracic Sure. 
May, 1958 


SUMMARY 

Two cases of bronchial lipoma are reported which brings to 20 the total 
number of cases in which surgery Avas performed. Five additional cases have 
been recorded from autopsy material. 

Lipomas as Avell as other benign bronchial neoplasms are capable of caus¬ 
ing irreparable pulmonary parenchymal damage and on occasion may result 
in destruction of the host. It is for these reasons that early diagnosis and 
surgical treatment are of great importance. 

Permission obtained from the AFIP, Capt. W. M. Silliphant, Director, for the in¬ 
corporation of data from Case 2 is gratefully achnowledged. 
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cardiac catheter, and cardiac outputs were measured by the direct Fick prin¬ 
ciple. At 111/^ to 18 months after operation, the animals were sacrificed. Postero- 
anterior and right lateral teleroentgenograms of the chest were made preopera- 
tively, at 4 to 6 months after operation, and prior to final sacrifice. Twelve 
lead electrocardiograms were made preoperatively, at 4 to 6 months after opera¬ 
tion, and prior to final sacrifice. 

Just prior to final sacrifice, other observations were made. Eight atrial 
pressure and direct Fick cardiac outputs were determined in the anesthetized, 
closed chest animal. Electrical stimulation of the four extremities was then 
begun at a frequencj’’ of 284 per minute, with a pulse duration of 0.022 sec. 
and a current of 50 Ma. Stimulation was carried out for 10 minutes, with direct 
Pick cardiac output measurement during the last 3 minutes. After a 30-minute 
rest, the direct Pick cardiac output was again measured. Electrical stimulation 
and measurement of cardiac output Avere then repeated as before. The animal's 
chest was then opened under positive pressure respiration. Simultaneous meas¬ 
urement of right Amntrieular and pulmonary arterial pressure was made, and 
photographs of the heart Avere taken. The animal AAms then sacrificed. LiA’-er 
biopsy AA'as taken and the peritoneal caAfity inspected for eAddence of ascites. 
The heart Avas removed, Aveighed, and the pulmonary valve area Avas examined. 
The heart Avas then fixed in formalin for 2 to 4 Aveeks. Eight and left ventricu¬ 
lar AAmights Avere then determined by the method of Herrmann.^ 


RESULTS 


Satisfactory pulmonaiy Amlvectomy Avas performed in 18 animals. Of 
these, 8 failed to surAuve the operation or immediate postoperative period be¬ 
cause of excess blood loss, pneumothorax, or ventricular fibrillation associated 
AA-ith right A’-entricular dilation after Amlvectomy. One animal died one month 
postoperatively of extensive bronchopneumonia. The right A'cntricle and light 
atrium of the animal Avere dilated at autopsy. Another animal died 4 months 
after operation folloAAdng a cineangiocai’diogram, AAdiich demonstrated regurgita¬ 
tion of djm from pulmonaiy artery to right Amntricle. Thus, 8 animals remained. 
These Avere sacrificed after 11^^ to 18 months’ observation, during AAdiich time 
they Avere alloAved to exercise frequently and displayed ho limitation of actiAuty. 
Tavo animals had litters of 9 puppies each Aidthout apparent difficulty. 

Autopsies Avere done in 10 animals suiwiving the operation. All 3 valve 
cusps had been remoA'ed in 5 animals; 2 cusps had been removed in 4; one cusp 
had been remoA^ed in one. Fig. 1 shows the pulmonary Amlve area of Dog 15B, 
only fragments of Amh'-e cusps are remaining. This animal Aims sacrificed 11 
months and 3 Aveeks postoperatively. 

At the time of the original operation, right A'^entricular and right atrial 
dilation occurred in each animal folloAAdng pulmonary Aulvectomy. In 3 of the 
18 animals, the right A^entricle AAms dilated to an extent AA^hich rendered closuie 
of the pericardium impossible. At the time of final tlioi’acotom}^ pDoi to 
sacrifice, the right A'entriele appeared dilated in each animal, but only after t e 
pericardium AAms opened. Fig. 2 shoAA's right A^entricular dilation in a photOoi^p ^ 
of the heart of Dog 17B taken during thoracotomy just prior to saeii ce a ei 
Ami of 111/2 months. All 3 pulmonary cusps had been removed. 


SUrAUA’^J 
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diastolic pressure rose in seven instanecs. Wliere measured, riglit atrial pres- 
snie lose 05 to 15 mm Ilg immediately after opeiation. At the time of final 
study, one animal expiied before pressures could be measured. At this time, 
right ventricular diastolic pressures were, in general, lower than immediately 
postoperatively. Fig. 5 shows simultaneous right ventricular and pulmonary 
arterial pressures of Dog 20B, showing RV pressure of 23/1 5 and PA pressure 
of 23/4 mm. Ilg just prior to saciificc, llJ/7 months after total pulmonar.y valvco- 
tomy. Right atrial piessures, howeter, weie appioximately as high or higher 
in thiee instances where comparisons could he made 



5 —Simultaneous ilffht \entricular and pulmonaiy arterial pressure lecorU of Dop 
20B Presauics Mere taken 11>1> months after total pulmonarj Nahcctomy RV pressure Is 
2J/1 ’i mm and PA piessure Is 23/4 inm Hi? PA piessiire was 24/14 min Ilg preopera- 
tl\ el> 

Cardiac outputs were measured 4 to 6 montlis after operation m tlie sur¬ 
vivors (Table II). Tlie mean of cardiac outputs at this time was 199 ± 21 
(S.B.) c c /Kg /min. This value was compared with the mean of cm dine 
outputs in a control series of 52 normal anestlietired dogs studied in tliis 
laboratory, wliose lalues were 161 + 7.7 cc./Kg/min. The diffeieiiec was not 
significant statistically, p > 0 05 At the time of final study, tlie mean of 
caidiac outputs was 111 + 14 9 c e./Kg/min. This value was significantly lower 
than in the control group, p < 0 05, and was significantly lower tlian in tlie 
first postoperative study, p < 0 05. The first electrical stimulation increased 
mean cardiac output 178 ± 29 e c /Kg /min , p <0 01. Mean cardiac output 
fell to 131 c e /Kg/min. 30 minutes after exercise and rose to 285 e.e /Kg./min. 
dm mg electrical stimulation Tlie mean increase of 154 + 33 ce/Kg/min. 
was significant, p < 0 01. 
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immediatelj^ following valveetomy. It maj^ be seen that PA diastolic pressure 
fell ill each instance; control values were 4 to 19 mm. Hg; a fall of 3 to 14 mm. 
Hg to values of 0 to 8 mm. Hg occurred following valveetomy. Eight ventricular 

Fig:. 3 . 





On the left is 


Fis. 4 . 

Fig-. 3.—Anteroposterior teleroentgenograms of the chest in Dog -OB. ‘rfiA'after 

reproduced tlie preoperative film. On tlie right is the roentgenogram taken t-tp'r nericardium 
removal of all 3 pulmonary valve cusps, showing increase in cardiac size, ai e i 
could not be closed postoperatively in this dog. . . -^rdiac 

Pig. 4.— Kight lateral teleroentgenograms of Do^ 20B which shows increase 
size 11% months after total pulmonary valveetomy. The preoperative film is 
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DISCUSSION 

Tliere are several indications in the study described above that severe pul¬ 
monary valvular insuffleiency is not a benign lesion in its effect upon tlie cir¬ 
culation. Although our 8 animals which survived appro.ximately one year wore 
still apparently well, there were evidences of right heart dilation at the time of 
valveetomy and at the time of final sacrifice in each animal. In 3 of 10 surviving 
animals, right ventricular dilation at the time of valveetomy was so great as to 
preclude pericardial closure. In addition, the mean resting cardiac output, 
although normal 4 to 6 months postoperatively, was below normal approximately 
one year postoperatively. In this respect, our conclusions differ from those of 
Barger and co-workers,* and from those of Ellison and associates.* Also, we 
failed to find a systolic pressure gradient between right ventricle and pulmonary 
artery in the presence of pulmonary insufficiency as described by Ellison and 
co-workers.* 

In man, primary pulmonary valve disease as a cause of pulmonary in¬ 
sufficiency is uncommon, and it is thus difficult to gain a clinical impres.sion of 
the importance of this disturbance. McGuire and McNamara* described patients 
with organic pulmonary insuffleiency; since other valves were involved in each 
of their patients, it is difficult to loiow what effect was produced by the pul¬ 
monary insufficiency. Kohout and Katz' reported a case in which a clinical 
diagnosis of pulmonary insuffleiency was made This patient showed evidence 
of right heart enlargement and had had heart failure. However, ventricular 
septal defect was probably present in addition to the lesion of the pulmonary 
valve Campeau, Ruble, and Cooksey' reported a ease of congenital absence 
of the pulmonary valve. Although their patient had congestive heart failure, 
it is impossible to ascertain the relative importance of the pulmonary valve 
lesion, since the patient had also a ventricular septal defect and a single coronary 
artery with myocardial infarction. Ford. Helleretein, AVood, and Kelly’ re¬ 
ported a ease of pulmonary insuffleiency associated with a congenital bicuspid 
pulmonary vahe Their patient, a woman of 43, dei eloped right heart failure. 
She had also inaetne pulmonary tuberculosis. These authoi’s concluded from a 
review of the literature that congenital puimonarj- incompetence duo to bicuspid 
valve does not produce congestive heart failure unless other cardiac or pulmo¬ 
nary disease is piesent Kjellherg, Mannhcimer, Eudhc, and .Ion.s.son' described 
a boy of 7 yeais in whom a clinical diagnosis of isolated pulmonary vahmiar 
insufficiency was made. This patient showed no effidcncc of right ventricular 
enlargement 

The effect of pulmonary valvular insufficiency upon the circulation Is of 
importance, however, because of its occurrence as a complication of incision or 
partial e.xcision of the congenitally stenotic pulmonary valve. Blount, AIcCord, 
Aluellcr. and Swan*' stated that pulmonary insufficiency complicating the opera¬ 
tion for pulraonaiw stenosis in 5 patients had produced no significant hemo- 
dvnamic alterations, although they noted an increase in heart size postopera- 
tivelv and thought that further observation was neces-saiy. However, we have 
recently observed the development of right heart dilation in a boy of G years. 
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Tjlble I. Eight Heabt Pkessuees, mm. Hg, Before and After Pulmonary Valvectomy 


DOG 

NO. 

CUSPS 

REMOA'ED 



INITIAL STUDY 


i 

final study 

BEFORE 

1 After 

1 PA 

1 RV 

1 1 

1 PA 

1 BV 1 

RA 

1 PA 

1 RV 1 

RA 

IB 

1 

20/12 

23/l.G 


23/7 

18/6 


28/9 

27/1.5 

4.3 

SB 

2 

9/4 

13/1.2 


22/1 

16/1 


25/4 

20/0 

7.0 

9B 

2 

21/10 

22/0 


8/5 

10/4 


21/4.5 

18/0 

4.8 

lOB 

- 

18/11 

18/2 


16/1 

23/0.5 





12B 

3 

21/11 

19/2 


23/0 

36/1 





14B 

2 

27/19 

31/0 


26/5 

25/2 


20/5* 

45/2.5* 

3.8 

15B 

3 

24/14 

23/4 

4.5 

29/8 

40/6 

5.8 

27/4 

27/6 

5.5 

16B 

3 

20/13 

20/4 

3.5 

30/5 

28/4 

4.5 




17B 

3 

14/7 

15/2 

2.8 

25/4 

26/4 

3.8 

25/6 

20/1 

3.8 

18B 

2 

18/12 

14/0.6 

3.0 

33/5 

38/3 

4.5 




20B 

3 

24/14 

24/1 

2.5 

26/6 

19/5 

3.0 

23/4 

23/1.5 

6.5 


PA and RV pressures were measured with chest open. 

RA pressures were measured with closed chest; 5 cm. up from table is zero for R.\ 
pressures. 

‘Catheter pressures. 


Table II. Cardiac Outputs in c.c./Kg./Min. in S Dogs Surviving Pulmonary 

Valvectomy 11% to 18 Months 


DOG NO. 

4 TO 6 MONTHS 
AFTER OPERATION 

REST 

1 11% TO 18 MONTHS AFTER OPERATION 

REST 

1 1st ELECTRICAL 
STIMULATION 

2nd 

REST 

2nd electrical 

STI.MULATION 

IB 

180 

102 

157 

120 

179 

8B 

117 

67 

344 

83 

396 

9B 

238 

133 

281 

117 

259 

14B 

302 

52 

299 

136 

198 

15B 

178 

127 

325 

130 

304 

17B 

249 

138 

348 

195 

392 

18B 

175 

- 

- 

- 

- 

20B 

153 

160 

274 

137 

265 

Mean ± S.E. 

199 ± 21 

111 ± 14.9 

290 ± 24.7 

131 ± 11.7 

285 ± 32.3 


None of tlie sacrificed animals had evidence of ascites at autopsy. Apprecia¬ 
ble weight gains (up to 5 Kg.) Avere recorded during the year pei'iod of 
obseiwation, but these were presumably due to improved nutrition. 

Twelve lead electrocardiograms taken preoperatively and at restudy in 5 
animals showed no evidence of I'ight v'^entrieular hypertrophy. 

The heart weight/body Aveight ratio aa^s slightly above the upper i^orma 
of 0.00994 given by Herrmann'‘ in 2 animals in Avhicli values of 0.0105 an 
0.0100 Avere obtained; hoAvever, right A’’entriculax’/body Aveight ratios Aveie eaci 
Avithin the normal ranges of 0.00178 to 0.00400 given by Herrmann. 

LHer biopsy shoAved slight hepatic cell degeneration and eaily fibiosis 
the central A^ein areas in only 2 animals, Dogs 15B and 17B. 










PULJIONABY FUNCTION BEFORE AND AFTER PULMONARY 
RESECTION IN TUBERCULOUS PATIENTS 
R. Dncw Miller, M.D., Ezra V. Bridge, Jr., M.D., \SArd S. Fowler, JI.D., 
II. Frederic IIeliiholz, Jr., M.D., P. Henry Ellis, Jr., M.D., and 
George T. Allen, M.D. 

Rochester and C.vnnon Falls, JIinn. 

N UJIEROUS reports in tlio medical literature indicate the interest that has 
centered on the reduction of pulmonary function accompanying resection of 
residual pulmonary foei following medical therapy of tuberculosis. Few studies 
have been reported, however, of groups of patients who had undergone resection 
without some concomitant space-filling procedure. 

Loss of pulmonai’y function in patients witli clironic pulmonary disease 
has been considered proportional to the c.\tent of involvement of one or both 
lungs. Clinical and roentgenographic studies liavc not always itrovided a re¬ 
liable index of the functional pulmonary capacity.*' = Consequently, most 
studies of the effect of disease and of various typos of therapy on pulmonary 
function have included preoperative and postoperative spirometrio methods.®'-' 
Bronehospirometry lias also been employed when available and when unilateral 
variations have been anticipated. 

There has been some controversy regarding the relation of loss of function 
to the number of segments resected. Van der Drift* and Limburg® indicated 
that pulmonary function is reduced loss after segmental resection without com¬ 
plications than after lobectomy in patients with tuberculosis. They further 
stated that in larger unselected groups the reduction of function was similar 
whether segmental resection or lobectomy was carried out. Limburg suggested 
that this lack of difference might be caused by the greater incidence of com¬ 
plications among patients having segmental pulmonary resection. Taylor and 
associates® stated that loss of function following uncomplicated operations in a 
group of men with tuberculosis appeared to bo unrelated to the increasing 
volume or number of segments resected, if less than a pneumonectomy. This, 
they thought, suggested the predominant influence of more constant factors. 

However, Smith and associates,' in studying a group of young adults, 
mostly men, with bronchiectasis, stated that operation was found to produce 
further ventilatory loss proportion.al to the extent of the resection. They also 

From the Mayo Clinic and the Ma>o Foundation, Rochester, Mmn., and the Mineral 
Springs Sanatorium, Cannon Fall«, Minn 

This study was aided m part by a, grant of Christmas Seal funds from the Tuberculosis 
and Health Associations of the Counties of Dakota. Freeborn, Goodhue, Slower, Olmsted, Rice, 
Steele, and Washington In the State of Minnesota. Mineral Springs Sanatorium Is owned and 
operated by these eight counties. 

Rccel\ed for publication Aug. 26, 1957. 
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who had elinicallj^ and by right heart catheterization, only infundibular and 
vahnilar pulmonary stenosis. Following operation, Avhich consisted of partial 
infundibular resection and incision of the pulmonary valve, the patient de¬ 
veloped the murmur of pulmonary insufficiency and roentgen evidence of right 
heart dilation and abnormal peripheral pulmonary arterial pulsation. This was 
in evidence 3 months postoperatively. Cardiac enlargement of tlie same degree 
was still present 8 months postoperatively. One cannot be certain that this 
patient did not have some additional lesion, such as a small ventricular septal 
defect. 

SUMJtAKY 

Severe pulmonary valvular insufficiency was produced in 18 dogs, each of 
which developed right ventricular dilation postoperatively. In 3 animals, right 
ventricular dilation was so extensive that the pericardium could not he closed. 
Ten dogs survived the immediate postoperative period, and 8 dogs survived 
IP/i to 18 months and were sacrificed. Tliere was no evidence of right heart 
failure nor of limitation of activity in the surviving dogs. Pulmonary artery 
and right ventricular pressure records showed evidence of severe pulmonary 
insufficiency. The mean of direct Pick cardiac outputs was normal 4 to 6 months 
after valvectomy and was below normal 11% to 18 months after operation, 
Imt could still be increased by electrical stiinulation of tbe extremities. At 
thoracotomy, after opening the pericardium, the right ventricle appeared 
dilated in each animal 11% to 18 months postoperatively. Two animals of 8 
long-term suiudvors showed e^ddenee of cardiac dilation on teleroentgenograms. 
Two animals showed evidence of hepatic congestion on liver biopsy 11% to 18 
months after operation. It is concluded that severe pulmonary insufficiency in 
the dog is not innocuous even as an isolated lesion. 
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saturation was determined by a recording “'double-scale” ear oximeter.-'' 
Broncliospirometry was performed with modified Carlen’s catheters in the supine 
position in the usual manner"' for 20 patients. 

Control measurements of lung volumes and maximal breathing capacity 
were obtained on 10 healthy adults (5 men and 5 women), repeated after periods 
of 2 weeks to -1 months. 


BESDLTS 

Preoperative Puimonnry Volumes and Maximal Proaihing Capaciti /.—Table 
I and Fig. 1 present the values obtained on healthy subjects and the preopera- 
tivc values for the patients, classified in relation to the number of segments 
ultimately resected. The ages in the groups of patients did not differ greatly. 
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Fifj 1-—Preoperative >alue9 in tuberculous patients. Per cent of predicted normal 


T..VBLE I. Avehage Values of pREOPEn.vTivE Pulmonary Function in Per Cent of 
pRBDicTFD Normal 


.SEGMENTS 1 
RESECTED j 
LATER 1 

SUBJECTS 1 

JIEAN 

AGE 

(years) 

VITAL 1 
1 CAPACITY 1 

BEblDUAL 1 
VOLUMF. 1 

TOTAL 1 

CAPACITY j 

1 MAXIMAL 
BREATHING 

1 CAPVCITY 

Q 

(Normals) 

10 

27 

108 

95 

105 

119 

1 

7 

.31 

9o 

108 

98 

109 

2* 

0 

43 

74 

112 

83 

63 

3 

7 

43 

91 

142 

105 

99 

4-5 

4 

41 

90 

IIG 

98 

95 


•Low values attributed to significant bilateral disease in 3 of 5 patients. 


The pulmonary volumes observed in the normal subjects agreed satisfac¬ 
torily with predicted values, although the estimated maximal bi’oathing capaci¬ 
ties were usually somewhat smaller than observed. 

AVithin each of tlie four groups of patients, there was considerable variation 
in the values for lung volumes and maximal brcatliing capacity, but the mean 
values were near normal except in the “two-segment” group, which had lower 
average values for vital, total, and maximal breathing capacities than predicted. 
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reported that a relatively uniform ventilatory loss which followed excision of 
little or no pulmonary tissue in 11 tuberculous men was related to a “thoracot¬ 
omy effect “ or change in the thoracic wall. 

Several authors*- *- have pointed out that the amount of functioning 
lung removed determines the degree of impairment of function, and have stressed 
the importance of preseiwing as much normally functioning pulmonary paren- 
clijuna as possible in various chronic conditions. 

The study reported here was undertaken to provide additional evidence 
on the effects of unilateral resection for tuberculosis on pulmonary function. 

^MATERIAL AND METHODS 

Twelve men and 11 women who were patients at the ]\Iineral Springs Sana¬ 
torium, Cannon Falls, hlinnesota, were studied. Their ages varied from 21 to 
62 years (average 39 years). Preoperative therapy for pulmonary tuberculosis 
consisted of modified rest in bed and ehemothei-apy with Uvo or more drugs for 
an average period of 8 months. Keseetion was limited to bronchopulmonary seg¬ 
ments containing residual areas of disease considered to be a threat to the pa¬ 
tient’s future. Segmental resection was done in preference to lobectomy if 
salvageable segments were found in the diseased lobes. No patient in this study 
had less than one segment removed. If a wedge resection of a small nodule 
was done in addition to removal of one or more segments, tliis was not counted 
in classifying a patient according to the number of segments removed. No 
space-filling procedures were done. Each patient’s progress was followed by 
clinical examination, cultures of sputum or fasting gastric contents, and roeiit- 
genographic studies, including tomograms. Only patients without postoperative 
complications were included in this study. Patients who required somewhat 
prolonged pleural suction for piilmonary re-expansion, bronchoscopy for aspira¬ 
tion of temporarily retained secretions, or thoracentesis for effusion were not 
considered to have significant complications. 

Pulmonaiy function studies wmre performed at the Majm Clinic, usually 
within 2 weeks before operation. They were repeated 2 to 6 months after op¬ 
eration, usually 1 or 2 weeks prior to dismissal from the Sanatorium. Spiro¬ 
grams and total lung volume and its subdivisions were determined with a spirom¬ 
eter of Benedict-Roth type and the open circuit nitrogen elimination method 
for residual volume-® modified as follows: Oxygen w-as inspired from one Neo¬ 
prene bag of about 150 L. capacity, and expired gas was collected in another. 
Both bags were enclosed in a box, also connected to a monitor spirometer pro¬ 
viding automatic correction for “switch-in” error and a continuous recording 
of respiratory excursions. The nitrogen concentration of gases near the mouth¬ 
piece was recorded continuously with a nitrogen meter and a pliotokymograph 
both to aid in detection of inspiratory leaks and to record the maximal con¬ 
centration of nitrogen of the alveolar samples delivered after 7 minutes ot oxy¬ 
gen inhalation, hereafter called the “nitrogen washout index.” Normal values 
for lung volumes were estimated with the formula of Bateman and foi maxi 
mal breathing capacity with that of Baldwin and associates.®® Arterial oxygen 
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on Tlie sura of the vital capacities of the two lungs lecoicled duiing bioneho 
spiiometij in the supine position uas someivhat less than the total vital ca 
paeit 3 ineasured m the sitting position about an houi befoie bionchospiiometiy 
Theiefoie, the vital capacitj' of each lung was multiplied by the latio of stand 
ard vital capacity to total bionehospuoraetiic vital capacity foi each of the 


TlBtE II PoSTOPnWTIlF Pi IMOVIBI PIIVCTJOS 
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1 RESIDUU 1 
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M \T 

imEATIIINQ 
C1PACIT\ 

0* 
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115 

1 
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80 
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94 
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2 
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'Tt'its lepeated In 2 to 16 weeks on subjects 
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^ofmol 12 3s 

N t 2 3 s 
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N 1 2 3 5 


Tiff *’—Postoperative values In tuberculous patients Per cent oC preoperatlse \alues 


picopeiatiNC and postopoiative measmcinents Tims, the postopeiatue niiilat 
cial leduotions could he compaied with the total leductioiis In 13 of 20 pa 
tioiits, the uiiilateial loss was calculated to he between 75 per cent and 125 ppi 
cent of the total loss, indieatiiig a loasonable aecouiitiiig foi the total loss In 
2 patients, the unilateial loss was iiioic than 125 pei cent of the total loss, in 
dieating that the contralateial lung had iiicicascd its Mtal capacity In 5 pa 
tients, the tinilateial loss was less than 75 pei cent of the total loss, indicating 
some eontialateial impairment after opeiation 

With a few eNceptions, leductions of oxygen uptake and respuatoiv nuuute 
volume of the lung opeiated on were found The magnitude of reductions was 
not closely i elated to the iiumbei of segments lemoxed The amount of icdue 
tioii in the peieontago of the total minute ^olumo contiibutcd In individual 
lungs was moio closely' lelafed to the amount of icduetiou of \ital eapacitx 
than to that of oxxgeii uptake (Fig -t) 

OTIirit STUDIFS 

Postoperativeh, aiteiial oxvgen satuiatioii wis iioimal in each of the 21 
patients measuied at lest and iii the 15 patients measuied duimg exeicise Of 
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Tins was caused by low values obtained on 3 o£ the 5 subjects who had had 
severe contralateral disease treated many years previously by pneumothorax. 

Although the contralateral lungs in the 3 patients showed only minor roent- 
genographie abnormalities at the time of operation, it was apparent that con¬ 
tralateral disease had been extensive on the basis of the history, the previous 
thoracic roentgenograms, and preoperative bronehospirometric data which 
showed that the lung to be operated on was contributing a greater portion of 
the total function than the contralateral lung. The one patient in the three- 
segment group with markedly reduced values of vital, total, and maximal breath¬ 
ing capacity had undergone a contralateral five-rib thoracoplasty 6 years pre¬ 
viously. 

The size of the residual volume was related to age. Increased residual 
volumes, amounting to more than 125 per cent of the absolute value predicted 
for young adults, and also to more than 35 per cent of the total capacity, Avero 
found in 4 of the 6 patients more than 50 years of age and in onl}' 2 of 17 pa¬ 
tients less than 50 years of age. 

The arterial oxygen saturation was normal (95 to 98 per cent) in all pa¬ 
tients tested, both at rest (20 patients) and during several minutes of step-test 
exercise (12 patients). In only 4 of 23 patients Avas the pulmonaiy nitrogen 
Avashout index abnormal (>2.5 per cent), indicating the presence of retarded 
alveolar ventilation of some part of the lungs. These 4 men did not shoAv the 
absolute and relative increases of residual volume that are usually associated 
Avith abnonnal nitrogen indexes in chronic diffuse obstructive emphysema. 

Postoperative Pulmonary Volumes and Maximal Breathing Capacity. —Table 
II and Fig. 2 shoAv that, in control normal subjects, average pxdmonary volumes 
Avere unchanged Avithin 2 Aveeks to 4 months. Vital capacity and total capacity 
varied only Avithin 94 to 107 per cent of the initial test. 

In the patients, the postoperathm A'alue for vital capacity Avas less than tlie 
preoperative value in 22 of 23 cases, and the average reduction Avas similar in 
all 4 groups. In contrast, the residual volume and functional residual capacity 
Avere not consistently changed in patients having one or tAvo segments rejnoved, 
but Avere reduced in 9 of 10 patients in the three and four to five segment 


groups. 

The total capacity Axms reduced in all groups, but not in a close relation 
to the number of segments resected. Postoperative values for maximal breathing 
capacity varied considerably from the jAreoperative value in many patients, but 
in no case Avere they reduced more than 30 per cent. In all groups, the average 
preoperative and postoperative values Avere similar for maximal breathing ca¬ 
pacity and for the percentage of the “timed” or rapid vital capacity expired m 
one second (average 80 per cent). The average value of maximal midexpua- 
tory floAV“® AA'as 2.2 L. per second before and 1.9 L. per second after opeiation. 

Bronehospirometric values are shoAA'ii in Table III and Fig. 3. In 18 of 
20 eases, the percentage of the total vital capacity contributed by t le ung 
operated on Avas reduced postoperatixmly. An attempt Avas made to e eim 
Avhether the postoperative reduction of total vital capacity could ic , 

for entirely by the reduction in the vital capacity of the lung that Avas p 
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EJIO^AEi- FEXCTIOX 

tlie 4 patients wlio had abnormal i,.- 

remained abnormal, but had normari?h" indexes preoperativelv 

unifonn alveolar ventil.n,„„ postoperativelv *’ 


.. 3 .n„ p.,,.’;,, i;5“2 

='~“ " 

■nt had he! ® abnormality of alveolar 
hnd been masked by an increased 


f- --ssesiea tnat m one case r 
uniform alveolar ventibuion, and in 

raTe If nr '’‘•™P'=«tiveh 

rate of ventilation. 


The postoperati 
lar magnitude in b. . 
age. 


effect of 
changes descrih 


-i.VD AGE 


ciianges descrih , in r,rpcert.-„ 

-es and in pa- ^nts more thrnriSSnToVearof 


ilELTIPLI. .ESECnoxs 
hree patien - undenvent a scco- 1 contral..t i 
segments and iv, again tested 2i;, t. or two 

J'-eathing eapac,- ,.as unehaneed aft, ,■ tl ^olJof % 

('ital capacity, .d so forth) were un-nan-ed in ^ “P^'^^on, the lung volumes 
reduced by o t, per cent in 2 patieurf f“«her 

undergoing th. . ■ ond operation was observrf Sln ’Png 

per cent of th. -..tal function. Arterial ‘o 5 to 15 

and during ev , :,<e in aU patients. '“ “rations were normal at rest 


COJQIENT 

Thecha. ges noted after operation in this studV we • • 

reports. On examination, several months after i^w,^ ^“uijar to tho«e of other 
or even after local enucleation of tuberculomas ' 'ed 4°** of only one SA^nient, 
in vital capacity are observed comdstentlv.^^ i=.about 10 per cent 
total capacity.'-Redactions of residual volume ^™jlar reeluetions of 
pacity are small and les consistent.'-” JIaximal b residual ca- 

second percentage of the rapid vital capacity rapacity and the one- 

section of one segment causes the percentage of ini unchanged. Re- 


nacuy are smau ana less eonsistc 

second percentage of the rapid vital capacity are esse *1 ii' ‘"'-•one- 

section of one segment causes the percentage of total unchanged. Re- 

and vital capacity contributed by the side'^opcraied oxygen uptake, 

rentage points, althongh the reductions mav ^a.s--nn^l/° f “ u«r- 

cent.=- ‘ Our data and those of Hordes^!-= indict- Prr 

pacity on the side operated on largely accounts ra¬ 
pacity. < .1 * . e of total vital ca- 
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of one seament. The absence of a clear retatm--?.; after resection 
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Table III. Average Bronchospirometric Valees 


NUMBER 


PER CENT OF TOTAL FUNCTION PER¬ 
FORMED BY THE LUNG OPERATED ON 


MINUTE 

nTAL VENTILA- OSYGEN 

CAPACITY TION UPTAKE 


OP SEG- 


PRE- 

POST- 

PRE- 

POST- 

PRE- 

POST- 


MINUTE 

MENTS 

SUB- 

OPERA- 

OPERA- 

OPERA- 

OPERA- 

OPERA- 

OPEltA- 

VITAL 

VENTILA- 

REMOVED 

JECTS 

TIVE 

TIVE 

TIVE 

TIVE 

TIVE 

TIVE 

CAPACITY 

TION 




RATIO OF POSTOPERATIVE TO 
PREOPERATIVE VALUES LISTED 
IN COLUMNS TO THE LEFT, 
PER CENT 


OXYGEN 

UPTAKE 


90 

92 

78 

SI 



*High preopei'ative values attributed to prominent contralateral disease in 2 patients. 



OXYGEN UPTAKE VITAL CAPACITY 

(Percent of Total ) 

Pip 4 —Relation of change in ventilation of the lung operated on to changes m oxygen up 
■ and vital capacity. 
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should lead to reduction in function, depending on the number removed. By 
further oonti'ast, our older tubereulous patients had as good functional result 
as the younger, whereas greater impairment has been reported after resections 
for bronchiectasis in older patients.' 

There has been much concern over whether the increased expansion of the 
remaining pulmonary tissue that occurs after large resections represents or may 
lead to emphysematous changes. The reduction of functional residual capacity 
by about 20 per cent of the preoperative values after resection of four or five 
of the eighteen bronchopulmonary segments indicates the absence of an average 
increase of e.xpansion of all remaining segments. Ilowover, this does not pre¬ 
clude a relatively greater expansion of the segments remaining on the side 
operated on than on the other. This condition would seem to bo better designated 
as “compensatory overe.xpansion” than as “compensatorj' emphysema.” Al¬ 
though after operation a minority of our patients had small increases of the 
residual volumc/total capacity ratio, we do not feci justified in considering this 
as evidence of obstructive emphysema in the absence of obvious abnormalities 
of the distribution of alveolar ventilation, as indicated by the nitrogen washout 
index, or of evidence of expiratory obstruction, or of significant increases of 
absolute residual volume. 

Despite the recognized limitations of the tests used to assess pulmonary 
function, it seems probable that, when the remaining lung is not deficient, the 
reductions of up to 20 per cent of various lung volumes that follow resection of 
one to five segments for pulmonary tuberculosis cannot be presently considered 
to represent a clinically significant impairment. 

SUJIJmRY 

To gain further knowledge of the cifccts of pulmonary resection, pulmonary 
function studies were performed on 23 adidt tuberculous patients about 2 weeks 
before and 2 to 6 months after resection. There were 12 men and 11 women, 
with a mean age of 39 years. One to five bronchopulmonary segments were 
removed without additional space-filling procedures, following a period of com¬ 
bined chemotherapy and modified rest in bed averaging 8 months. 

Postoperative changes varied w'ithin each of the groups classified according 
to the number of segments removed. The vital capacity was reduced in almost 
all cases, the average reduction being similar in all groups. In contrast, the 
average residual volume was unchanged in patients having one or two segments 
removed but was reduced in those having three to five segments removed. The 
total capacity was reduced in all groups but not in close relation to tlie number 
of segments removed. In all groups the average maximal breathing capacity 
and the per cent of rapid vital capacity expired in one second were unchanged 
postoperatively. The 7-minuto alveolar niti-ogen (breathing o.xygen) was within 
or near normal limits in most eases before and after operation. The arterial 
oxygen saturation was normal in each case at rest and with mild exercises pre- 
operatively and postoperatively. 

Bronchospirometry, performed in 20 patients, showed o oss 

of function could bo explained in most instances by unilst 



658 


ISIILLER ET AT.. 


J. Thoracic SurR. 
May, 1958 


The reduction of oxygen uptake by the lung operated on is usually greater 
than the reduction of its minute volume. There is no close relationship between 
the reduction of function of the lung operated on (see Fig. 2) and the number 
of segments (up to four or five) removed.®’ Although the average reduction 
of oxygen uptake by the lung operated on was found to be greater after lobectomy 
than after segmental resection by van der Drift,'* this was usual only ^vith the 
left upper lobe. 

The arterial oxygen saturation was found to be usually normal after 
lobectomy or lesser resections for bronchiectasis and other lesions"- and was 
normal in all of our patients at rest or dui-ing exercise or both. 

This and similar studies have attempted to determine the extent by Avhich 
surgical procedures fui-ther alter the function of a diseased lung. The pre¬ 
operative impairment shown by tests of both lungs and of the lung to be operated 
on varied markedly between patients and was not closely related to the number 
of segments ultimately removed. This Avas not sui-prising. The resections were 
performed to prevent recurrence of active tuberculosis bj’ removing the danger 
of reactivation of a residual area of disease follo'wing chemotherapy. Very 
likely, previous involvement of portions of the lungs other than the circum¬ 
scribed area removed had left its mark in functional impairment. This more 
diffuse involvement Avith healing and varying degrees of fibrosis Avould not 
necessarily be related to the number of segments containing caseous residues. 
Only that amount of pulmonary tissue necessary to remove significant residue 
Avas resected, as much grossl}-- normal tissue as possible being preserved. Thus 
the surgeon Avould hope ideally to i-emove little functioning pulmonary tissue. 
If such Avere possible, and barring major complications, there might be little 
functional impairment folloAving operation, and the functional status, relative 
to the preoperative conditions, should be rather uniform despite a varied num¬ 
ber of segments removed. There might also be a rather uniform extent of al¬ 
teration caused by changes in the thoracic Avail and pleura. Such changes have 
been given the term of ‘ ‘ thoracotomy effect. ’ ’®’" 

It seems clear that the magnitude of reduction of pulmonary volumes is 
not greatly different after resection of one or several segments for tuberculosis. 
This suggests that a minimal, rather uniform, amount of functioning lung is 
in fact removed. In addition, some iiossible variabilit}-' related to the number 
of segments remoA’ed is probably masked by the “thoracotoiii}-'” effect described 
as folloAving enucleation of small nodules. HoAvever, there is a trend toii'ard 
increasing reduction of pulmonary volumes that indicates that some sacrifice 
of ventilated lung is .made. This trend is likely to be folloAved Avhen a patient 
undergoes an additional resection. 

Eeduction in ventilatory capacity after resection for bronchiectasis Avas 
found by Smith and associates^ to be proportional to the number of resected 
segments. That such a relationship is less evident after resection for tuberculosis 
than after resection for bronchiectasis may perhaps be explaiimd by the iac 
that resection for bronchiectasis is directed at diseased bronchi. Parenciynia 
distal to some of the diseased bronchi might be contributing significant amoun s 
to total function of the lung. Kesection of these bronchopulmonary segmeii 
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Changes were similar in subjects more than or less than 40 years of age and 
in both sexes. 

The reduction of pulmonary function is not greatly different after resec¬ 
tion of one or several tuberculous pulmonary segments, suggesting that a mini¬ 
mal, rather uniform, amount of functioning lung is removed with the diseased 
tissue. Some possible variability related to the number of segments removed 
is probably masked by the ‘ ‘ thoracotomy effect ’ ’ described as following enuclea¬ 
tion of small pulmonary nodules. However, there is a trend toward increasing 
reduction of pulmonary volumes, indicating that some sacrifice of ventilated 
lung is made. This trend is likely to be followed when a patient undergoes an 
additional resection. 

The authors gratefully acknowledge the assistance of Rita Schmelzer, Henrietta Cran¬ 
ston, Bernita Rupkalvis, and Eldri Stubstad. 
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CONGENITAL COMMUNICATION BETWEEN THE RIGHT CORONARY 
ARTERY AND THE RIGHT ATRITOI 

Jesse E. Edwards, M.D., Rochester, Minn., and Tiiojias C. Gladding, M.D., 
AND Alya B. Weir, Jr., M.D., Memphis, Tenn. 

L esions wliicli cause eontiuuous preeordial murmurs tliat are to be dis- 
•i tinguished from patent ductus arteriosus have had considerable coverage 
in the literature.^- - Particularlj'- is this true of aorticopulmonary septal 
defect,^'^- ruptured aneurysm of an aortic sinus,^^’ and ventricular septal 
defect associated with aortic insufficienejL^°'^“ Less emphasis has been made of 
.yet otlier conditions such as arteriovenous communications, involving vessels of 
the thoracic cage,-®- the subclavian-"’ or the internal mammaiy vessels,-^ 
and comnuuiieations between the eoronaiy arterial system on one hand and the 
eoronaiy veins, a cardiac chamber, or the pulmonary trunk, on the other. 

Herein is reported the case of an adult patient who had a communication 
between the right eoronaiy artery and the right atrium. The cardiac failure 
exhibited is considered to hai-e been caused by tlie arteriovenous shunt which 
accompanied the abnormal congenital vascular connection. 

It is pertinent to emphasize, by the report of this ease, that the coronary 
arterial sj’-stem may be involved in congenital conditions wliich are, or which 
function, essentiall.v like arteriovenous fistulas. Recognition of the condition 
in a given patient may lead the way to .surgical obliteration of the abnormal 
communication. Such goals have been aecomplislied in isolated instances."^'"* 

case report 

Pertinent Clinical Features .—A woman, first noted to have congestive heart failure at 
the age of 48 years, was given appropriate treatment for this condition during the ensuing 5 
years. At the end of this time, liowever, she died of intractable failure of the heart. Her 
history was noncontributory. She had not known that she had heart disease until she 
consulted a physician for complaints related to the heart failure. 

The pertinent facts of her physical examination follow: The heart was greatly 
enlarged to the left. The point of maximal impulse W’as in the left anterior axillary line 
at the fifth and sixth intercostal spaces. 

A loud, harsh, blowing, continuous precordial murmur was present. It was heard 
best anteriorly in the right fifth intercostal space. It also was loud over the lower sternal 
region. There was enlargement of the cervical veins and of the liver. On occasion, 
pulsation was noted in the latter organ. 

On all examinations the patient was normotensive. A representative blood pressure 
reading was 110 mm. Hg systolic and 70 mm. diastolic. Usually, the rhythm was regular. 
Occasionally, ventricular extrasystoles were noted. 

From the Section of Pathologic Anatomy, Mayo Clinic, Rochester, Slinn., and Baptist 
Memorial Hospital, Memphis, Tenn. 

Received for publication Sept. 3, 1957. 
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The heart was enlarged, weighing 500 grains. The enlargement was contributed mainly 
by hjiiertrophy of eacb ventricle. In its anterior wall, tlio riglit ventricular myocardium 
measured 0.5 c.c. in tUicknessj in its posterior wall it measured 0.8 c.c. The left ventricular 
wall measured 1.7 c.c. in thickness. 

The sites of origin of the coronary arteries from the aorta were normal. 

The right coronary arterial ostium was wide, measuring 6 mm. Immediately on exit 
from the aortic wall, the right coronary artery widened to a diameter of about 1.5 c.c. 

The proximal part of this artery was tortuous to a point about 3 c.c. from the aortic 
wall. Here the right coronary artery divided into two branches (Pigs. 3 and 4), One 




Rt. coronary a. Aorta 


Fig- 4 In the case reported, the dilated coronary artery originated from the aorta 

and then divided into a wide branch which In turn became aneurysmally dilated and com¬ 
municated with the right atrium. The other branch continued as the right coronary artery. 

b The perspective essentially equivalent to that shown, in Fig. 3, a, wherein a branch 
of tlie right coionary arteiy communicates with the right atrial cavity. 

branch 4 mm. in diameter, was essentially a continuation of the right coronary artery in the 
right atrioventricular sulcus. The other branch ivas directed posteriorly toward the anterior 
wall of the base of the right atrial auricular appendage. It was tortuous and had essentially 
the same appearance as the proximal part of the parent right coronary artery. 

As this branch approached the anterior wall of the right atrium, it dilated,suddenly 
into a saccular aneurj’sm mea.suring about 3.5 by 5 cm. ‘Whereas the tortuous porti ' 
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A roentgenogram of the thorax (Eig. 1) revealed evidence of cardiac enlargement 
rounding of the right margin, and prominence of the pulmonary trunk. The electrocardiogram 
was difficult to interpret because of the probability of an anomalous excitation of the 
ventricles of the Wolff-Parkinson-mite type (Eig. 2, a and h). Evident abnormalities were 
a right axis deviation, an unusual qB pattern in Lead V„ and a nondiagnostic biphasic QBS 
(ES) in the left precordial leads. The degree of change in the ST segment in Leads aVj, 
and aVp gave strong indication of ischemic injury of the anterolateral wall of the left 
ventricle. 



Pig^. 3. — a. The base of heart viewed from above. A greatly dilated right 
originates from the aorta. In the right atrioventricular sulcus tlie artery divides. 
branch proceeds posteriorly toward the right atrium and has an aneurysm on it m re 
to the right atrium. The other branch continues in the riglit atrioventricular suieu 
the right coronary artery. 


b. Interior of right side of heart. Shown Is one of the communications „rtery 

the riglit atrium with the aneurysmal part of the dilated branch of the right coronarj 
(probe). The junction of superior vena cava and right atrium is indicated as * i o- 


Pathologic Features .—At necropsy, significant findings were found in relation to ^le 
heart which showed anomalous communication of the right coronary artery nith tie rig 
atrial cavity. 
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Fis 5.—a, The aneurysm o£ the tlllaleO branch of the ripht coronary artery. At one 
zone there is normal arterial structute which suddenly Interrupts and beyond this there is 
nonspecific wall of the saccular aneurysm (see l», for details). Calcific material, nhlch may 
bp thrombotic In origin, Is deposited on the Inner surface of the aneurysm (Verhooff's elastic 
tissue stain counterstained with van Gieson's connective tis'^ue stain; X2). 

Higher magnification (X30) of junction of arterial wall and aneuiysm illustrated In a 

c. Section through the dilated portion of the proximal segment of the right coronary 
artery shows evidence of medial hypertrophy. The internal and e-xternal elastic laminae are 
interrupted and represented only by fragments of elastic tissue. There is mild nonspecific 
fibrous thickening of the Intima (Verhoefl's elastic tissue stain, van Gie‘*on*s connecti\e tissue 
stain; XlOO). 

d. Lateral wall of tJie left ventricle. Within the myocardium are dilated spaces, some 
of which are thlck-w’alied sinusoids: others are arteries. A relatively wide sinusoid com¬ 
municates with the left ventiiclo shown m the low'crmost portion of tlic illustration (Verliooif'a 
elastic tissue stain an<l van Gipson's connective tissue stain; Xii)* 
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right coronary arterial system were thin, the saccular aneurysm had a tough gray fibrous 
wall containing calcium. Through its posterior wall, the saccular aneurysm communicated 
with tile base of the right auricular appendage by way of throe small openings, the largest 
of which was 3 mm. in diameter. 

After giving off the dilated riglit atrial branch as described, the right coronary artery 
continued in a normal course and terminated as the posterior descending coronary artery. 
Just before entering the posterior interventricular sulcus the right coronary artery gave oil 
a branch to the posterior lateral aspect of the left ventricle. 

As is often found normally, an accessory artery distributed to the anterior wall of the 
outflow tract arose from the aorta just anterior to the origin of the main right coronary 
artery. 

The left coronary artery measured 3 mm. at its origin, was devoid of disease, and 
terminated normally into tlie anterior descending and left circumflex brandies. The terminal 
branches of the left circumflex coronaiy artery were distributed to the lateral wall of the 
left venti’icle. Gross connections were not identified between the right and left coronary 
arteries on gross examination. 

Histologic examination of a section taken through the dome of the aneurysm involving 
the branch of the right coronary artery revealed a small segment of arterial structure which 
was interrupted and then became continuous with the wall of the aneurysm (Eig. 5, a and b). 
The aneuiysmal wall was composed of collagenous connective tissue and did not liavc 
identifialile arterial elements. The lining of the aneurj’sm was greatly thickened by the 
presence of many calcified amorplious masses. These masses liad tlie appearance of calcified 
thrombotic material. No foam cells or cholesterol clefts were present. 

A section taken through the dilated portion of the right coronary artery showed the 
media to be greatly thickened with muscle (Eig. 5, c). The clastic laminae were considerably 
disrupted and were represented only by occasional strands. The lining of the vessel in this 
portion was somewhat thickened by nonspecific fibrous tissue. The right coronar}' artery 
beyond its dilated portion and the anterior descending coronary artery did not show any 
remarkable features histologically. 

The myocardium in the lateral portion of the left ventricle contained many wide spaces 
filled ^vith blood (Fig. 5, d). Some had walls composed of connective tissue lined by layers of 
collagen and elastic tissue. These vessels appeared to be dilated sinusoids and some 
communicated with the left r-entrieular cavity. Other wide vessels in this region were 
obviously arteries. 


COMMENT 

In this case, the communication of a brancii of the right coronaiy artery 
with the right atrinm is representative of a condition described in a number 
of cases in the literature in which a coronaiy artery communicates with the right 
atrium, the right ventricle, or a coronary vein.-®'^® 

At operation, Davis, Dillon, Pell, and GasuP® observed a brancli of the 
left coronaiy arteiy communicating Avith the right ventricular cavity. Tieii 
19-year-old patient had had a murmur that was suggestive of patent 
arteriosus. Cardiac catheterization revealed arterializatioii of blood in i.e 
right ventricle. The anomalous communication was interrupted siiccesstu^ y. 

In yet another ease which ivas observed by Gasul,^ Pell, and ^ 

9-month-old child had a continuous systolic and diastolic niurniur leai 
over the fourth and fifth intercostal spaces between the apex , 

sternal border. Because of the unusual location of the murmuT i ^ 
that the child might have an arteriovenous f V 5 the 

coronary system. An angiocardiogram revealed marked en aig 
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The e\act anatomic diagnosis of an arteiiovenons coniniiinieation, Mheiem 
a coionary aitery takes pait in the abnoimal flow of blood, is not neeessaiilj' 
simple to make clinically The classic findings at cardiac catheteiization would 
be expected to give use to evidence of an incieased amount of oxygen in the 
blood in the chambei receiving the abnoimal shunt In the case of Davison and 
associates,®’ uherem the bianeh of the left circumflex eoionaiy aitery com 
muiiieated mth the coionaiy sinus, cardiac catheteiization levealed aiteiializa 
tion of the blood in the light atiiura Such a finding coupled with abnormal 
muimiiis of the tj-pe usually found in this condition also might be associated 
until a inptured aneuiysm of an am tic sinus Retiogiade aoitogiaphy probably 
IS a moie exact method than cardiac catheteiization foi diagnosing the exact 
tj pe of communication 

Cases vnth the foiegoing types ot communications have basic functional 
feitnies in common nith connections between a mam stem eoionaij arteiy 
and the pulmonaiy tiuuk ** Moieoici, in the condition in which one coionaiy 
nrterj aiises fiom the pulmonaiy trunk while the othei aiises fiom the aorta, 
piesent day evidence”siippoits the old concept of Diooks^" tint an ai 
langement functionally snnilai to that in aiteiioxcnons communications also 
exists 

Abnormal communication of a coionaiv aiteiy mth a light sided eaidiao 
olnmhei is expected to yield evidence of aiteiialization in the right side of the 
hoait less coninionlj a coionaiy iiteiy commnnioates with a left sided eantj 
This lesnlts in findings tint might be confused uith aoitie insuffioienes In the 
ease of Lovitt and Lut/,” a biaiich of the antoiioi descending coionan aiten 
coinmumeated uith the left ventiiciilai canti 

In Jlozen’s case,"' an abnormal comiminication betueen tlie left eoionan 
aitcinl sistem and the left atrium was iccognized at opeiatioii Inteiiiiption 
of the anomalous channel led to disappeaiance of associated muimuis and 
till ill 

An addendum to a papei by Paul and associates*® piesents a siiigieal 
expciience of Dr Robeit E Gross with a 16 yeai old bov in whom a clinical 
diagnosis of patent ductus aiteiiosns and healed bactciial endaitentis had been 
made At opeiation, a portion of the lateral wall of the left veutiicle was found 
to be thin, bulging, and associated with a thiill Though the situation of the 
majoi coionaiy aiteiies loadmg to this aiea was not aseeitained, a postopeiatne 
diagnosis of “aiteiiosenous aneuijsra, probably of the coionaix si stem” uas 
made 

Reid®* desciibod a gross commimication between the apical poitioii of the 
left lentriele and the anteiioi descending coionaiy aitciv in the heart of an ox 
A single opening is often desciibed at the site of an anomalous connection in 
human beings, but at times there are sexeial, indeed multiple, openings 'Wilson 
and Giant*® found a communication between the light coionaii aiteii and the 
single xcntiiele of a malformed heait In this case there was an aneiuism 
of the aiteiv Histologic examination revealed that the aneuijsra opened into 
mam blood filled spaces within the mjocaidram These spaces, in turn opened 
into the lentiieulai eantj 
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right coronary artery which appeared to end in a large dilated opacified region 
close to the cardiac apex. Cardiac catheterization revealed normal intracardiac 
pressures and evidence of a small left-to-right shunt at right ventricular level. 
At operation, a greatly dilated right eoronaiy artery was found to enter the 
diaphragmatic portion of the right ventricle near the apex. The vessel was 
interrupted and the patient’s course subsequently wms uneventful. 

In an adult patient with a continuous precordial murmur. Morrow^® ob¬ 
served, on retrograde aortography, a communication between the aorta and the 
right atrium. At operation an anomalous communication between the right 
coronary artery and the right atrium Avas identified. The communication was 
closed at its right atrial aspect. 

In the study of a human embiyo, Essenberg“ found that a branch of the 
left eoronaiy arteiy penetrated the Avail of the left atrium and then coursed 
through the caAfity of the left atrium for a short distance and penetrated the 
right atrial Avail. This A’^essel may have communicated Avith the right atrial 
caAuty but the serial sections to determine tliis point Avere incomplete. 

In the ease of an adult patient, Garomella'*- observed that, at necropsy, a 
connection existed betAveen an accessory branch of the left coronary artery 
and the right atrium. 

Paul and associates'^ described the case of a 9-year-old boy Avith a 
continuous preeordial murmur aa'Iio, at operation, Avas found to have an enlarged 
right coronary artery that seemed to communicate Avith a tributary of the 
coronary sinus. 

A common finding in the group of cases mentioned Avas the presence of a 
left-to-right shunt from a coronary artciy into some point in the lesser circula¬ 
tion. Such a communication ma5'' give rise to one or more of the several com¬ 
plications of arteriovenous fistula anjDA'here in the systemic circulation. If the 
opening betAA^een the coronary artery and the right-sided chamber is sufficiently 
Avide to cause a large shunt, the latter may be responsible for cardiac failure. 
The dynamics of arteriovenous fistula are such that bacterial endarteritis may 
occur in the abnormal channel.®®’ 

An additional complication of the arteriovenous communication is that of 
ischemia beyond the point of the abnormal communication. The resulting 
myocardial ischemia may give rise to a picture AA’hich may simulate eoronaiy 
insufficiency resulting from the common type of coronary disease, namely, 
atherosclerosis. 

The abnormal Aubrations generated by the arteriovenous shunt have fre¬ 
quently been described as the cause of a continuous thrill or of a to-and-fio 
murmur associated Avith a continuous thrill. Although in most instances 
Avherein such a murmur Avas described, the location of the murmur Avas fart lei 
to the right and loAver than that of typical patent ductus arteriosus, the lat ei 
condition has been suspected in some patients, as in the case of 
associates.®® In some cases, such as the case of Espino Vela and associa e , 
the position of the murmur has suggested another type of f 
munication, namely, an aneurysm of an aortic sinus (Valsalva) with i P 

into a right-sided cardiac chamber. 
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that exist between the coronaiy arteries and the cardiac chambers. In the case 
we have reported, the communication between the right coronary artery and the 
right atrium may therefore be considered a normal connection. The abnormality 
resides, therefore, not in tlie fact tiiat connections of the coronaiy artery with 
the atrial cavity exist, but rather in the large size of the connections. NoimaUy 
the communications should have been reduced to microscopic size. A similar 
view was expressed by Grant” for the abnormal communication between a 
coronaiy artery and a cardiac ventricle in the case previously reported by 
Wilson and Grant.®’ 


SUMMARY 

The case is reported of a woman having anomalous comnuinication betiveen 
tlie right coronaiy artery and the right atrium. Congestive cardiac failure 
was considered to be a complication of a left-to-right shunt. Dilatation of the 
anomalous arterial channel was complicated by the formation of a localized 
saccular aneurysm. 

In creating a basis for an artcriovenous-lihe condition, the malformation 
in this case is representative of other cases in which the coronary arterial 
system communicates -with the coronaiy venous system, a left or right cardiac 
chamber, or the pulmonary trunk. The continuous murmur often present in 
such conditions may he confused with patent ductus arteriosus or with other 
conditions whicli enter into the differential diagnosis of this malformation. 

Surgical obliteration 'of arteriovenous-like fistulas in which the coronaiy 
arteries participate has been accomplished in a few reported cases. 
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The association of a saccular aneurysm with an abnormal communication 
between the coronary artery and the cardiac chamber is frequently described 
and, moreover, in many reports the aneurysm is given a major position in the 
title and discussion. The aneuiysm, however, is to be viewed s im ply as a com¬ 
plication of an arteriovenous communication. In all eases wherein such com¬ 
munications have been described, the artery proximal to the communication is 
greatly dilated as it was in the case reported herein. Associated with the right 
coronaiy arterial dilatation hi our ease was hypertrophy of the media of the 
artery proximal to the anomalous communication, a feature which is frequent 
in arteries proximal to arteriovenous commimications anj^^vhere in the body. 
Of interest ivith regard to genesis of the saccular aneurysm is the fact that 
associated with the dilatation there was interruption of the elastic layers of the 
dilated segment of ai-tery. Such interruptions in the elastic layers probablj^ 
repi'esented the underlying cause for the development of the saccular aneurysm. 
In the case reported herein, a seetion of the saccular aneurysm revealed that 
for the most part it was composed of nonspecific connective tissue. At one point 
a segment of arterial wall ended abruptly and then communicated with the 
aneuiysmal wall. It is probable, as suggested by Scott,*® that the saccular 
aneurysm arose at the site of an arterial branch. The calcific material within 
the saccular aneurysm in the ease reported is po.ssibly derived from thrombotic 
material udthin the saccular aneurysm. 

In one ease the electrocardiogram gave suggestive evidence of ischemia 
in the anterolateral region of the left ventricle. This is of special interest in 
view of the fact that, histologically, the lateral waU of the left ventricle showed 
dilated arteries and sinusoids. This brings up for consideration the possibility 
that blood in the left ventricular ea-vity was “running off” through sinusoids 
into the arterial system and hence into the right atrium through the anomalous 
communication. Such findings suggest a cei’tain possibility regarding the cir¬ 
culation in conditions whereui a coronary artery participates in an arteno- 
venous-like communication. The blood escaping abnormally through the 
anomalous coronary artery may be derived not only from that artery but 
also from other arteries vdth which it connects and even from the ventricular 
chambers. 


Mention should be made of the developmental basis for tlie abnormal 
communication between the right coronary artery and the right atrium in the 
ease reported herein. From the developmental analysis of the coronary 
vascular system made by Grant,®® it is apparent that in the early stages of 
cardiac development the myocardium is nourished by blood which is brought 
to it through Avide intertrabeeular spaces. These exist in the myocardium an 
are continuous Avith the cardiac chambers. Later, the coronary veins an le 
coronary arteries develop and connect Avith the epieardial aspects of the m er- 
trabecular spaces. FolloAving this phase, the groAvth of the 
the intertrabeeular spaces to be reduced in size to the 
The intertrabeeular spaces, however, maintain communication AVith 
chambers and therefore represent, in the adult, the normal small communieatio 
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of tlie esophageal atresia. Accordingly, on Jan. 3, 1956, an extrapleural thoracotomy was 
performed. Exploration revealed a complete esophageal atresia of the usual tjTe, with a 
blind upper segment just below the thoracic inlet and attachment of the distal segment to 
the posterior aspect of the trachea. The proximal aspect of the distal segment was 
narrow, firm, and cordlihe at the point of tracheal attachment and the absence of the char¬ 
acteristic ballooning on inspiration of the distal segment and the absence of air in the 
gastrointestinal tract was felt to be on that basis. The attachment to the trachea was 
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Fis 1.—Artist's concept of the esophageal atresia. The tracheosophageal band has 
been divided and a proble in the distal segment demonstrates the pliable membranous ob¬ 
struction. 


divided and a small portion of the divided end sacrificed to secure an adequate lumen 
for anastomosis. A small probe was passed well into the distal limb and was thought to 
pass through the esophageal hiatus. Continuity of the esophagus nas readilj' re-established 
without tension by an anastomosis employing two layers of fine silk sutures. A small, 
soft drain was placed retropleurally before closure of the chest wall. The child tolerated 
the procedure well and the immediate postoperative course remained good for approximately 
48 hours at which time respiratory distress and cyanosis reappeared and the child suddenly 
died. 



UNUSUAL ESOPHAGEAL ATRESIA WITH DISTANT MEMBRANOUS 
OBSTRUCTION OP THE ESOPHAGUS 

Robert C. Overton, M.D.,* Houston, Texas, and Osc^vr Creech, M.D.,*- 

New Orleans, La. 

I NCREASING experience with tlie surgical correction of esophageal atresia 
indicates that the majority of infants so afflicted may he saved if other 
severe anomalies are absent. Portunatelj^ most babies with esophageal atresia 
and associated tracheoesophageal fistula have no other important abnormali¬ 
ties. If such serious anomalies as congenital heart disease and malformation 
of the anus and recHun are present, they are readily recognized and do not 
often affect the initial treatment of the child.® Although rare, other anomalies 
do occur which affect the initial surgical management and the possibility of 
their presence should be eonstautlj'^ borne in mind. We have recently en¬ 
countered such a combination and the unusual characteristics of the second 
abnormality prompted this report. 


CASE REPORT 


E. M., a 13-hour-old white female, was admitted to Jefferson Davis Hospital, Houston, 
Texas, oa Deo. 31, 1955, because of diflSculty in respiration, retraction of sternum, and 
transient cj-anosis. These respirator}* difficulties had ensued at birth in another hospital. 
Physical examination revealed a fairly well-developed, premature child, weighing 1,600 
Gm., in mild respiratory distress. Increased respiratory effort with retraction of lower 
sternum was present, but cyanosis occurred only with crying. Expansion and breath sounds 
were equal bilaterally. Examination of the heart revealed marked cardiomegaly, a forceful 
precordial impulse with systolic thrill and a loud, harsh systolic murmur heard best in the 
left parasternal area and transmitted to the anterior and left posterior aspects of the chest. 
The liver was palpable below the costal margin. Initial laboratory studies -were within 
normal limits. Eoentgenograras of the chest revealed a markedly enlarged, globular-shaped 
heart. Electrocardiographic studies demonstrated right ventricular hypertrophy with 
severe ischemic changes. A diagnosis of congenital heart disease with an interatrial septal 
defect and/or interventricular septal defect was made. When further cyanosis and respira¬ 
tory distress occurred, congestive failure was suspected and the child was digitalized. Some 
improvement followed but it soon became apparent that, in addition to respiratory distress, 
the cliild had excessive drooling of saliva and when oral feedings were begun regurgitation 
of all feedings occurred. Diagnosis of esophageal atresia was confirmed by the inability 
to pass a catheter through the esophagus and roentgenographic evidence of a blind upper 
esophageal pouch following instillation of 1 c.c. of Lipidol. No air w’as demonstrable 
in the gastrointestinal tract and it was felt that the atresia was not associated with 
tracheoesophageal fistula. Although some respiratory difficulty persisted, the genera 
condition seemed improved enough by the third day of life to warrant surgical correction 
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Post-mortem examination confirmed the suspected presence of severe congenital heart 
disease manifest by great dilatation and hypertrophy of the right atrium and ventricle, 
large atrial and ventricular septal defects, severe pulmonary stenosis, and a patent ductus 
arteriosus.^ The right pleural cavity was drj', the lung well expanded and the esophageal 
anastomosis intact. Upon removal of the esophagus and further inspection, the presence 
of a completel}' unsuspected congenital esophageal web was found in the lower esophageal 
segment approximately 2 cm. above the esophageal-gastric junction. Probing of the lumen 
of the distal segment, as was done at the time of surgical reconstruction of the proximal 
atresia, demonstrated that the pliable web could readilj'- be stretched ahead of the probe 
as far as the stomach, thus giving an erroneous impression of patency of the distal seg¬ 
ment (Fig. 1). The remainder of the necropsy findings were not remarkable with the 
exception of congestive changes in the lungs and a liver compatible witli congestive heart 
failure. 


DISCUSSION 

Esophageal atresia may assume a variety of forms either with or without 
associated tracheoesophageal fistula; however, the majority occur in a charac¬ 
teristic pattern consisting of a blind upper segment and a lower pouch con¬ 
necting with the trachea. Because of the frequencj’' of this type of anomaljb 
treatment has become relatively standardized with significant improvement in 
results. 

Despite the large number of cases of tracheoesophageal fistula now re¬ 
ported in the literature, the occurrence of a membranous obstruction of the 
esophagus in association with complete atresia and tracheoesophageal fistula 
has not been described. Theoretically, a membranous form of atresia might 
occur in the esophagus as it does in other portions of the gastrointestinal tract 
but membranous obstruction per se is quite rare. MacKenzio,^ Tenon,” 
Rossi,® and AbeB have described membi-anous obstruction and it is likely that 
many of the cases of congenital stenosis represent incomplete webs or mem¬ 
branes. The onlj’- recorded instance of membranous obstruction associated 
with traeheoesoiihageal fistula was the interesting case of Schwartz and Dale.® 
In this case, continuity of the esophagus was not interrupted and the fistulous 
connection was distal to the web. Gross'"' encountered a stenotic area in the 
distal segment of one case in their large series of atresia and associated 
tracheoesophageal fistula, but no case of membranous obstruction associated 
with proximal atresia and tracheoesophageal fistula has been reported. 

The presence of a weblike membrane in the distal segment of our case was 
completely undetected by the usual maneuver of passing a probe or catheter 
into the stomach. The elasticity of the structure allowed it to be readily 
pushed ahead of the probe, a maneuver we Avere able to duplicate Avith the 
post-mortem specimen (Fig. 1). Fortunately, the outcome of this particular 
case Avas not influenced by this additional anomaly but, had the child survived, 
an additional operative procedure Avould have been required. The existence 
of a second obstruction Avas considered and sought because of the absence o 
air in the gastrointestinal tract but the demonstration of the cordlike non¬ 
patent attachment to the trachea, a condition prcAdously described," Avas con¬ 
sidered an adequate explanation for the absence of air. The secondary o s uic 
tion could have been readily corrected at the time of the original proee me 
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Table I Incidence op Secondary Mediastinal Neoplasms 









SECONDARY NEOPLASMS OF THE MEDIASTINUM 

E. B. Sanborn, M.D., E. J. Beattie, Jr., M.D., and D. P. Slaughter, MD. 

Chicago, III. 


D EVEL0P]\IENTS and progress in the field of oncology have frequently re¬ 
sulted from investigations and considerations of the natural history of neo¬ 
plastic diseases. Since some secondary neoplasms of the mediastinum are a part 
of the clinical coiu'se of several surgically treated malignant tumors, and since 
they have not been studied extensively, an investigation of them was initiated in 
1951. 


MATERIAL AND RESULTS 


Protocols of autopsies perfonned in general hospitals over a period of years 
offered the best source of material for such a study. From August, 1895, to Dec. 
31, 1950, 9,248 autopsies were peifformed liy physicians in the Pathology Depart¬ 
ment of the Presbyterian Hospital. The anatomic diagnoses of each autopsy 
were examined in order to learn the presence of a neoplasm. In such cases, tlie 
gross description and report of microscopic examinations were scrutinized to 
learn of possible mediastinal in\'olvement. Lesions of the Ijunph nodes, such as 
Hodgkin’s disease and hunphosarcoma, Avere not included in the study. In these 
cases of generalized disease, it is difficult to decide at autopsy Avhich is the primary 
or secondary lesion. 


There Avere 337 protocols AA’hich recorded neoplasms that had metastases in- 
A-olA-ing the mediastinum. In Table I, the primary neoplasms from AA'liich these 
metastases originated are listed. Carcinoma of the breast, bronchus and lung, 
esophagus, and stomach, the most common malignant diseases of both sexes, are 
at the top of the list. The secondary neoplasms of the bronchus and lung Avere 
placed in one group because their exact origin cannot ahvays be determined. 
Forty-fiA^e tA-pes of primary tumors ai’e included. 

As a sidelight, a tabulation of the cases of secondary neoplasms, by decades 
in the period studied, Avas made. Table II demonstrates an increasing number 
of the primary neoplasms AA'ith such metastases in the breast, bronchus, and lung. 
There Avas an aA’erage of 50 more autopsies a year in the 1940’s tlian in the 1930 s. 
This AA'ould account for only a portion of the increased incidence of cases of metas¬ 


tases in the last decade studied. 

The nomenclature of RouAuere^ A\'as used to describe the location of the 
metastases as recorded in the protocols. The Ijrniph nodes, as AA^ell as other stiuc- 
tures in the mediastinum most frequently inAmHed by the secondary neop asms. 


Prom the Presbyterian Hospital, Tumor Clinic of the Research and Edimatwnal Hospi 

Tlnivfir.qitv of Iliinois College of Medicine, 


and the Department of SurgeiT, University 
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\ mber i 

In Table I, a Inigo iiumbei of pimiai3 neoplasms aie fonncl to metastasize 
to the mediastninm Piovious lists^ 7 s 13 ijgg,j moie limited in number 
A number of piimaij^ neoplasms of the abdomen and pehis, as ivell as of the 
bead and extremities, aio present in tins sciics As a icsult of this investigation, 
It IS appaient that piaeticallj any caicinoma 01 saieoma in or on the human 
bodj’ IS capable ot spieading to the mediastinum In this study, as in the senes 
of Abiams and his associates’ caieinoiiia of the bieast uas the fiist in oidei of 
incidence and eaicinoma of the lung uas second 

The incieasmg ineideiiee of piimaii caicinoma of the lung m Table II is 
olmous and coiifiims the opinions of these inteicsted in this disease in this coun 
tiv and abioad 

Table II also authenticates the opinion that neoplastic disease has been in 
Cl easing Undoubtedly the significant factoi is that moie people aie Imng to an 
oldei age 

Piobabh the most significant data arc compiled in Table III The marked 
meidcnce of imohement of the tiaeheobionehial hmiph nodes is noteiioithy 
The nodes ot the tiaohcal bifuication, 01 intei tiaeheobroiiohial lymph nodes, 
aie a ciossioad foi hmphatic 01 lymphoid tclavs The laige number of these 
nodes intohed bv secondaiy neoplasms of the stomach is on exception to pie 
Mous pathologic studies and lepoits* ” 

It IS lomaikable that a laige number of the inioUed lymph nodes could 
be distinguished bj then gioss appeaiancc (Table IV) Houeier, onl3' a few 
cases had insoheinent uhich could be diagnosed on the usual posteioanteiior 
film The size of 5 cm (in diamcfei), foi the Innph nodes 01 lymph node misses, 
Mas used because a lesion of this size Mould piobablv be distinguished fiom the 
dciisifi due to the spine, endiac shadou and ofhei mediastinal stiuetuies The 
loutino of McCoit and Robbins", and othei i.idiologists, of utilizing a baiiiim 
SMolloM Hid a Biicky film, 01 phnignms, should inciease the numbci of clini 
cally diagnosed metastatic lesions of the niediastiniim 

StlUVIiaX \ND CONCLUSIONS 

This IS the fiist kiiouii study of the incidence of secondai3 ncophisiiis of the 
mednistimim and ot the bmph nodes nnohed b\ them 

Clinicians, pathologists, and ndiologists should be moie exacting in then 
teimiiiologi III desciibing the bmph nodes ot the mediastimiiii Designating 
these nodes as mediastinal is not satisfactoi3’- foi the fntuie considciition and 
management of patients with such metastases 

Any malignant neoplasm 1003'’ metastasize to the Inuph nodes of the nicdias 
tiiium The most fiefpiciitl3 found metastases aie fiom caicinomas of the bieast, 
lung, esophagus, and stomach 

The fact that many of the inxohed nodes of the mediastinum can he dis¬ 
tinguished giossli, as at the time of thoiacotom3’-, has clinical \alue HoMoicr, 
niicioscopic metastases aic frefiucntly present 111 giossl3 iininsoKcd nodes 
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Table III, LvirpH Nodes and Structures Involved sy Secondary Neoplasms in the 

Mediastinum 


PRIMARY NEOPLASM 

i LUNG AND 


) STOMACH j 

1 esophagus I 

BRONCHUS 

breast 

Niimher of cases 

36 

37 

60 

73 

Juxta-esopliageal LN 

6 

16 

7 

13 

Thoracic duct 

2 

3 

2 

2 

Juxta-aortic LN 

11 

4 

12 

16 

Pulmonary root LN 

1 

9 

17 

21 

Anterior mediastinal LN 

3 

1 

14 

18 

Pericardium 

0 

_ 

14 

19 

Eight laterotracheal LN 

23 

14 

38 


Inter-tracheobronchial LN 

19 

11 

32 

32 

Left laterotracheal LN 

21 

12 

33 

41 

Mediastinal LN 

10 

5 

24 

31 


LN—lynipli node. 


latter is not necessarily a satisfactory criterion because it is well known tliat 
lyinpb. nodes are enlarged by infections. However, used in conjunction with the 
consistency of the node, as by palpation, it is valuable. In Table IV, these data 
are summarized. 


Table LV. Cianical Data Concerning Lymph Nodes 



NO. OP 

cases 

GROSSLY 

INVOLVED 

GROSSLY 
INVOLVED (?) 

SEEN 

ON X-RAY 

Stomach 

36 

31 

0 

0 

Esophagus 

37 

32 

5 

1 

Breast 

73 

GO 

1 

8 

Bronchus and lung 

60 

56 

0 

16 


Another attempt was made, during the analysis of the data, to decide which 
of the secondary neoplasms could be seen on a routine tlioracic roentgenogram. 
Two criteria were utilized for a positive conclusion. One was the size of the 
involved node, or nodes, and the other was its location. According to SlcCort 
and Kobbins,- the tracheobronchial and right anterior mediastinal chains are 
more easily seen than are most of the other nodes of the mediastinum on such 
a roentgenogram. When the involved node, or nodes, was in the above groups 
and 5 cm. in diameter, or larger, it was concluded that it could be seen. Ac¬ 
cording to this evaluation, approximately 25 per cent of tlie secondary neo¬ 
plasms of bronchiogenic carcinoma could be seen. However, in only one case 
of carcinoma of the stomach and esophagus could an enlarged node be seen. If 
these criteria are accurate, less than 15 per cent of the mediastinal metastases 
from carcinoma of the breast could be outlined on a thoracic roentgenogram. 

DISCUSSION 

Only recently has there been an attempt by clinicians to utilize^the anat¬ 
omist’s descriptions of the Ijmiphatic system of the mediastinum.’® 
results of the present investigation are published to focus more attention no 
only on the mediastinum but its chains of Ijonph nodes and their position in 
the spread of malignant disease. 













RADIATION THERAPl FOR RECURRENT CARCINOIMA IN TUE 
BRONCHIAL STUiAIP 

Hvrri J Pinsk\, HD v^D George L Emerson, MD 
Rochester, N Y 

T he surgiea) appioaeli to bronchogenic carcinoma has left m its uake an 
inci easing number of leciuienccs m the bionchial stump This leport de 
tails a cmiise of management, combining surgeij and thiee full courses of 
ladiation therap'\, ■which allowed such a patient to lead a productive life for 
•it/4 jears following the definitue diagnosis of lus malignancy 


CISC REPORT 

Ihe patient (G C M ), a 57 jeai old wlnte imn, was first seen in April, 39o2, with 
a history of chronic respiratorj infection dating back to 1946 He had been a heavj 
pigaretto smoker for 25 years His cough had increased progre’^sivclj oaer the preMous b 
>%ecks Ho had had fc\cr, djspnca and occasional hemoptysis RMes and dccreaael breath 
'sounds \’\eTo detected at the right ba**© Roentgenograms and fluoro'»cop> of the chest demon 
strated an enlargement of the right root and partial atelectasis of the light lower lobe (Fig 
1) BioncUoscopj revealed a large mass in the right mam bronchus just below the canna 
Pathologic examination of biopsy material remove 1 at bronchoscopy showed epidermoid 
carcinoma 

On April 25, 1952, a right pncumoncctom) was performed during which the surgeon 
noted tumor tissue at the lino of bronchial transection at the canna (Fig 2) The hilnr 
and mediastinal nodes wore enlirgcd, however, the pathologist reported no tumor found in 
the nodes removed proximal to the transection Postopcratnely the patant gamed weight, 
had less dyspnea, and returned to lus work as an executive 

In May, 1953, weight loss, cough, and hemoptysis recurred Bronchoscopy on Aug 7, 
1953, 16 months post pneumonectomy, revealed recurrent tumor in the right mam bronclual 
stump (Fig 3) Tumor partially occluded the left main bronchus as wlU In an effort to 
clear the airway, the bronchoseopist removed as much tumor as possible 

On Aug 14, 19o3, the patient was started on a course of radiation tlicrapy with tlie 
canna as the center of rotation and utilirmg a 10 x 10 cm port with i focal axis distance 
of 100 cm One million volt radiation was employed at 3 Ma and HVL of 9 0 mm of 
copper Over a period of 26 treatments and 38 da>s, a tumor dose of 5,200 r was delivered 
The patient toleiated the treatment well, showing progressive improvement and expenenemg 
only minimal reddening of the skin, over the sternum (Fig 4) 

The patient did very well thereafter, complaining only of slight dyspnea but no cough 
fever, or hemoptysis until rebruiry, 195o, when he again rused blood streaked mucus On 
Fob IS, 195o, bronchoscopy again revealed recurrent tumor m the bronchial stump on the 
right, partially occluding tlie left main bronchus (Fig 5) The bronchoseopist removed 
as mucli tumor as feasible and tlic patient was begun on a second course of radiition 
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Unfortunately, tlie present routine used in many hospitals of taking a posteroan- 
terior chest film to decide if there are intrathoracic metastases is insufficient. 
This study demonstrates that in relatively few instances, metastases of the medi¬ 
astinum can be seen with such a method. 

One of the avenues for further progress in oncologj’' lies in more detailed 
studies and in better management of secondary neoplasms of the mediastinum. 
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therapy on Feb. 23, 1955. The same factors as described above were utilized and over a 
period of 26 treatments in 36 days, 5,000 r was delivered to tlie canna. The patient noted 
diminution of cough and dyspnea and was able to continue at work throughout therapy. 

In June, 1956, cough returned along with hemoptysis and dyspnea. Once again the 
bronchoscopist cleaned out as much tumor as technically possible and obtained pathologic 
proof of recurrent epidermoid carcinoma (Fig. 6). 

Tlic hazards of further radiotherapy were neiglicd against the patient^s otlieruisc hope 
Ic'ss outlook and on July 10, 1956, a third course of radiation therapy was started, using the 
factors described above. Over a period of 27 treatments and 37 days, 5,000 r was again 
delivered to tlie tumor. The patient continued at his yob with some c\ertional dyspnea and 
cough, although less than prior to his last course of treatment (Fig, 7), 

On Oct 21, 1956, 4 years and 6 months following the original surgery’, an upper re 
spiratory tract infection developed and after an initial response to antibiotics and bod rest, 
he died on Oct. 22, 1956, with a massive pulmonary hemorrhage 

At postmortem, an area of necrosis, measming 4 cm. by 5 cm, was found in the 
tr.(( hLobronchial tree at the location where recurrent tumor had been seen at bronchoscopy 
j)r7nr to tliorapy. This was thought to reiiresent the source of terminal lieniorrhage. No 
rl< finite evidence of residual tumor cells was found on detailed pathologic investigation of 
se<.tionb through the area of necrosis or elsewhere (Pigs. 8 and 9). A moderate degree of 
r.i b ition fibrosis was present in the remaining lung as well as some pleural fibrosis. Marked 
iMiheitis was also scon 


DISCUSSION 

Despite vigorous efforts to improve and refine metliods oi diagnosis and 
treatment, bionchogenio carcinoma continues to take a toll of approvimately 
28,000 lives annually and is tire second most frecirrent cause of death duo to 
neoplasm among males in the United States today. In ■wholly imseleoted 
series, the 5 u ir survival of patients with an established diagnosis of bron¬ 
chogenic cnmiioiiia is estimated at less than 5 per cent.* 

Radiati n In rapy following .surgery is seldom prescribed for patients 
suffering u'lli Inonchogenio carcinoma rvith the expectation of achieving cure, 
but rather i' p i Illative measure Usually, the intent of the radiotherapist is 
to relieve I ; n, iidl obstruction and secondary peripheral infection, superior 
mcdiastin.ll h-’ lutioii, pain, cough, or acute pulmonary osteoarthropathy.^ 
There is c m--' ' i ihle debate as to whether radiation therapy actually does 
increase bin ' u' % en when palli.rtion is achieved.® 

Habeiii h i i ''ciates'of the iVIayo Clinic recently reported on 18 patients 
with reeiu.'ii in the bronchial stump, several of whom received radiation 
therapy I ' recent eases of such recurrence, one of which is re¬ 

ported. lln III I I palliation obtained in tliis case, cmploi'ing surgery and 
repeated coi^l^'^ o ladiation therapy, has encouraged ns to attempt a similar- 
plan in othi 1 < .i-’i' It IS too early to evaluate our results in the 3 cases not re¬ 
ported hen 

The I •i-'f "ii'i "hich this patient tolerated his ro-treatmeiit with radiation 
has raised dw i|uestioir as to whether re-treatment might not also be of value 
in situatiiins otliei tlian hronehial stump recurrence. A dilemma occasionally 
arises in the patient who has had IS to 2-1 months’ arrest of bronchogenic car¬ 
cinoma following radiation therapy and who has tolerated his original course 
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VmiCARBlAL FAT NECBOSIS AN TOTaSUAL ENTITY 
A Case Report 


Walter H Kasserm^n, MD 
CvNTON, Ohio 

A REPORT by Jackson, Clagett, and McDonald of the Mayo Foundation^ de- 
sciibes 3 cases of a new disease entity, ^^lllcll these authors termed pen 
cardial tat neciosis These authois stated that a ie\jew of the hteratuic levealcd 
no otliei such cases leported In view of the paucity of liteiatuie on this entitj, 
the folloAMiig case appears to be woithy of leporting rurtheimoic, the picMous 
essayists on this disease entity made a postulation that obesity, uhicli was pies 
ent m all 3 of then cases, uas piobabty a pieiequisite of this disease Oni case 
would indicate that this is not a constant pieiequisite Fiutheimoic, tlie cases 
lepoitcd fiom the jMayo Foundation wcic m the fifth, si\th, and seventh decades 
of life The ease repotted lieiein occuiied in a patient in the third decade of 
life 

C \SE REPORT 

A 23 year old ^vIuto man v.aa admitted to a nearby hospital on Februarj 23, 1957, with 
tho chief complaint of pam in the left chest The on'set occurred 2-4 hours prior to admission 
at ^hieh time ho Mas seen bj !us family physician He described the pam as severe pro 
poninl pain radiating into the ncek and left shoulder He \sas pale ind appeared cbnicallj 
to bo in mild shock It vs as the opinion of the pliyaieian at that time that, despito his age, a 
loioniry occlu-^ion v\as probable The patient was slightly dyspneic, but not cyanotic, when 
admitted to tho hospital Physical examination at tho time of this hospital admission was 
not remarkable He described pain over tlio left anterior chest wall and slightly less pain 
and tenderness over tho left upper quadrant of the abdomen Iho blood pressure was 124/78 
mm Hg The pulse was slightly rapid, but the rhythm was regular There were no abnormil 
heart sounds An electrocardiogram was taken on the day of admission and revealed a normal 
record 

The laboratory findings upon admission revealed a normal unnalvsis The hemoglobin 
and red blood count were withm normal limits The white blood count was 12,250 with 54 
per cent segmented cells, 17 band cells, 24 lymphocytes, 4 monocytes, and 1 eosinophil Ihe 
pam giadually increased Twenty four hours after admission he was ‘^ecn bv a medicil eon 
suitant The physical findings were essentially the same as on admission It was the opinion 
of the medical consultant at that time that the patient probably had epidemic pleurodynia 
A roentgenogram of the chest was ordered Because of the patient’s acutely ill condition, this 
was a bedside roentgenogram On this examination a density was noted in the left lower lung 
It was noted by the radiologist that the shadow obscured visualization of the loft heart 
bolder and the left diaiihragra A follow up roentgenogram was advi&ed and this w is t ihen 
2 davs later (Figs 1 and 2) On this film the definition was much bettor than on the first 
study A round, discrete shadow was described in the left anterior base Fluoroscopy w is 
Carried out at tins examination and the radiologist noted that the mass could not be 'separated 
from the cardiac silhouette During the next few day<i, on antibiotic therapy and analgesics, 
tho patient’s symptoms improved and he was di«!charged on March 2,1057 

Because of persistence of the anterior chest pam ho vvas admitted on "March 10, 1057, 
to Aultman Hospital On admission he was afebrile Tlie white blood count w is 7,300 colls 

From the Department of Surgery Vultman Hospital Canton Ohio 
Received for publication Sept 19 19o7 
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of treatment well. Lacking- evidence of recurrence, should such a patient be 
re-treated on the basis of the established experience that tumor cells almost 
assuredly persist? 


SUMaiARY 

We have presented a patient who received 15,200 r to the carina over a 
3-year period. His death was due to hemorrhage, secondary to slough of 
necrotic tissue in which no tumor was found. Our experience in this case has 
encouraged us to believe that radiation tlierapy is of value in the management 
of postoperative bronehial .stump recurrence. In addition, our experience iias 
shown that, in selected cases, a second course of radiation therapy can be tol¬ 
erated and should be investigated further in situations other than bronchial 
stump recurrence as to its potential use in the long-term control of bronchogenic 
carcinoma. 

IVe would like to thank Dr. Roger Terry, Associate Professor of Pathology, and Dr. 
Marion Emerson, Instructor in Medicine, both of tlie University of Rochester Scliool of 
Medicine and Dentistry, for their guidance and assistance in preparing this paper. 
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with a normal differential A roentgenogram of the chest was taken just prior to surgical 
exploration This demonstrated essentially the same findings as on tlie roentgenogram taken 
at the other hospital soon after lus admission there On ’March 20, 3957, an exploratory 
thoracotomy was performed through a classical left posterolateral approach An indurated 
mass, measuring 7 0 by 4 5 by 2 0 cm, was found attaclied to the pericardium near the apex 
of the heart It was adherent to the anterior chest wall and the lingula of the lung bj 
fibrinous adlicsions The areas of adhesions showed acute inflammatory changes 

The mass itself was attached to the pericardial surface by a broad flat surface, measur 
mg 7 0 by 4 5 cm It uas coarsely lobulated and was light brown in color Grossly, it re 
«!embled an adrenal gland This ma'ss was d^scefed from the anterior chc’t wall, lingula, and 
the pericardium The bleeding points were ligated and the chest was closed wutli drainage 
in the routine manner The p itient was discharged on March 27, 1957, on the ninth post 
operative daj His postoperative course was uneventful and he was very promptly relieved 
of his precordial chest pain It should he noted here that the patient was 5 feet 10^ inches 
tall, and weighed 155 pounds 

Tho microscopic examination of the specimen is as follows* The specimen is com 
posed of fat cells, niaiij of which show granular degeneration or necrosis In places the cell 
membranes are indistinct or are ruptured so that small p'seudoeysts are formed No granu 
lomatous reaction is present The fat is divided into lobules bj delicate strands of connective 
tissue which show Ijmphocytic infiltration At the periphery of the specimen there are numcr 
ous groups of saiitlioma cells, associated with mild fibroblastic proliferation and exudation 
of hmipliocj'tes (Fig 3) 

COMMENT 

We believe tins is tlie same chnicopathologie entity deseiibecl bj Jackson, 
Clagett, and JIcDonald Howevei, we would point out that oiu patient was 
several years younger than any of the 3 patients lepoited by these authors, and, 
in contiadistmetion to tho obese patients in winch they found tins disease, our 
patient was a rather thin person The prenous authors attempted to relate the 
etiology of this condition to a similar condition found in the appendices 
cpiploicae and also in the omentum Oui ease has not elucidated the path¬ 
ogenesis of tins unusual and appaiently laie condition In view of the cases 
thus far reported, it would appeal that surgical excision of the noeiotie, m 
flamed mass gives prompt relief However, this may not prove to be the ideal 
theiapeutic approach if more is learned about this disease 

SUXllI MIX 

1 A case of fat necrosis invoUing the paiietal peiieaidial fat is lepoited 

2 To the best of the author’s knowledge, tins is only the fourth such eiso 
to be repoited in tlie Iiteratuie 

3 The outstanding clinical featuies of this condition aic acute antciioi 
chest pain, resembling the pain of coionary occlusion On roentgoiiogiams 
there is an aiea of increased densitx adjacent to tho left hoidei of tho pen 
eaidium 

4 Histologically, the lesion icsemblcs fat neciosis found in otliei situations 

5 The etiology of this condition lemams obsciue 

REFERENCE 
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Fiff. 1. Pig:. 2. 

Pigs 1 and 2.—Posteroantorior and left lateial roentgenograms of the chest demonstrating 
density near the apex of the heatt due to pericardial fat necrosis. 
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since forceful respiration and periods of apnea (Valsalva exercise) may lead to 
poor and tlius unsatisfaetory filling of tlie veins. One roentgenogram is nsually 
all that is required as long as the film is exposed during the injection of the last 
1 to 2 e c. of contrast medium. Delayed exposures do indeed reveal only a 
minute residual deposit of contiast substance within the medullary cavity of 
the sternum. If the films are found to yield satisfactory information, the needle 
may be withdrawn and the patient sent back to the floor. No special aftercare 
is required. Internal mammary venography was in several instances performed 
on ambulatory patients who, after completion of the procedure, were discharged 
home without incidence. 



Fig 1 —formal Internal inamnian- \eJn pattern. Case of cystic teratoma of the 
anterior mediastinum J. Small lelns draining tlie medullarj ca\ity of the sternum and 
continuing in longitudinal direction, 2 3, Less densely filled portion of Inteinal mammarj 

vein. 


DISCUSSION 

Internal mammary venography was carried out in a .series of 50 nnselectcd 
patients with primary breast disorders of benign and malignant nature. In¬ 
cluded also were patients with postoperative metastatic eaicinoma to axillarr 
and supraclavicular nodes, and with or without evidence of involvement of the 
chest wall. 

Although the limited numlier of patients examined by this method does not 
allow statistical conclusions, tliere are ncvei'theless several observations worthy of 
comment. 

The injected contrast medium readily escapes, under normal conditions, the 
mednllavy cavity through several small veins rrhieh join a rather large venous 
channel on each side of the sternum (Figs. I and 2). T1 ' nw a 


INTEENAL MAMMAEY VENOCrEAPHY 

Eobero? Schobinger, 

Buffalo, N. Y. 

T he value of intra-osseous venography in the demonstration of certain venous 
pathways, Avhieh hitherto partly or completely escaped roentgenograpliie 
visualization by conventional means, is now firmly established and confirmed by 
numerous reports. In the following report some aspects of this method will be 
discussed. 


technique 

The usual tests concerning possilfie idiosyncrasies to either the contrast 
substance or the local anesthetic agent must be taken. Pull cooperation by the 
patient is ensured by explaining the procedure and mentioning the moderate 
amount of local discomfort experienced during the injection. Adequate seda¬ 
tion is obtained witli meperidine hydrochloride (75 to 100 mg.) and secobarbital 
sodium (0.1 gram). Both drugs ai-e administered one hoiu' prior to the pro¬ 
cedure. 

The patient is supine on the x-ray table with botli arms elevated and the 
correct positioning is verified with a scout film. A cutaneous wheal is raised 
with 1 per cent procaine hydrochloride in the midline of the sternum at the 
level of the fourth rib anteriorly. Additional infiltration of the sternal peri¬ 
osteum is advisable. A 16-gauge Eosenthal bone marrow aspiration needle is 
then introduced with a rotary motion into the medullary cavity of the stermmi. 
The needle should be inclined approximately 30 degrees so as to direct its tip 
eephalad. The aspiration of a small amount of bone marrow as well as the ae- 
comjjanying sensation of local “pressure” speak in favor of adequate placement 
of the needle. 

The radiopaque substance used in the present study was a 50 per cent 
solution of Hypaquet (3,5 diaeetamido-2,4,6 triiodobenzoate) which, in con¬ 
tradistinction to other previously employed media, was found to exhibit a re¬ 
markably^ low incidence of ill effects, to be much less painful to the patient, and 
to yield roentgenograms of better contrast. An ordinary 10 c.e. manual syringe 
is connected to the needle by^ means of a piece of plastic tubing. The injection 
of contrast material (8 to 10 c.c.) is carried out under constant and moderate 
pressure. The patient is invited to breathe regularly’' through the open mouth 

From the Department of Surgery. Roswell Park Memorial Institute, Buffalo. N. V. 
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Since tile iiiteiiial mammaiy \cssels arc noiniallj maintained in a more 
01 less fixed position, fiank displacement of these \oms by retio oi paiasteinal 
masses mil laiolj ocoiii Tlieie mil latlier be an encioacliment upon the nail 
of these vessels mtli lesulting naiiowiiig of then lumen In iiioie advaneed 
cases (Fig 2), tlieie 11103 lie complete block of the flow of blood within the 
internal mamraaii vein at the lei el of the lesion mtli accoinpaiiving develop 
ment ot collateial venous eliannels Some degiee of maiion stasis due to delayed 
outflon fiom the sternal maiion cavity may <ilso be obseriod and is a piominent 
featuie in cases of bilatcial inteinal mammaii vein obstiuetion The collateial 
channels mai communicate again with the involved vein at a level above the 
obstiuetion 01 mtli inteicostal veins and even mtli the inteinal mammaiy vein 
on the opposite side Fiiitlieimoic, thcie is iiiciCtised filling with contiast 
medium of the distal poitioii of the intciml mammary veins 

The histologic evaluation of mateiial lemovcd b 3 ' open biopsy fiom the 
site of demonstrable 01 suspected obstiuetion leads to the conclusion that vaiious 
disoideis may paitially 01 completely block the inteinal mammaiy vein at anv 
given level Such lesions consisted of piommcnt paiasteinal fat pads, fibious 
placpies following cvteinnl iiiadiation, abnoimall 3 naiiow vein segments, and 
metastatic cancel involv mg the mteriial mammaiy nodes 

In other words, inteinal mammaiy vein obstiuetion pei se does not speak 
in favor of carcinomatous involvement of inteinal mammaiy 13 'mpli nodes cv'en 
if the piesence of cancel, mostly of the breast, has definitely been established 
Conversely, the demonstration of a partial 01 complete block of the intenia! 
mammaiy vein in patients who aie clinical^’ “cuied” from then malignant 
process 0105 indicate the CMstenee of a hidden and uniceognired focus of 
metastatic carcinoma IVliat, fuithermore, can be learned from these obseiva 
tions IS that inteinal maminaiv venography enables the suigeon to biopsy the 
collect site of possible metastatic involvement, be it piior to siiigeiy 01 after 
tieatment Hence, not only a bottei selection but also a nioie adequate follow up 
of ceitain patients should bo possible with the initiation of pioper sccoiidaiy 
theiapy at an eailier and thus nioic favoiabic time 

It IS doubtful vvlietliei internal mammaiy veiiogiapliy uould be of 0113 ' 
benefit in the stud 3 of certain anterioi mediastinal tumors when then location, 
relationship to the siiiiounding stiuctuies, and othei chaiacteiistios are con 
eeiiied It can be anticipated that most lesions in that particiilai location vv ill 
not encioacli upon the internal mammaiy veins (Pig 1) 

SUVIVIAKY 

The technique of inteinal mammaiy venography is described and the ad 
vantages as well as limitations of this procedure aie emphasized 

The moie frequent use of tins method in the follow up stud 3 of cliiiically 
“cuied” patients may well lead to a better evaluation of the theiapeutic results 
in bieast cancel 

My sincere gratitude goes to Dr H C ilo^, As^iociate Chief, Breast and Ti's'^uc 
Department, for Ins much appreciated clinical cooperation as well as to Dr F P Le«smann 
for making a^adable the facilities of the Department of Diagnostic Radiology 
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course parallel to the sternal edge and their anatomic location corresponds to 
the one occupied by the internal mammary veins. The caliber of these veins 
remains more or less equal and filling in proximal direction can usually be fol¬ 
lowed up to their point of entry into the distal portion of the innominate veins, 
while the visualization in distal direction may be variable. 

The small branches which are seen to drain the medullary cavity of tlie 
sternum may not always immediately join the internal mammary veins but are 
occasionally seen to run in a longitudinal direction along the sternal border. 



Fig. 2 —Ahnounal internal niammai’j' vein pattein A, Area of obstruction caused bi 
enlarged metastatic Ij mph nodes in the right second intercostal space Deviation of blood 
flow over collaterals to ipsilateral, B and opposite v'ein, C, D Left inteinal niammaij vein 
essentially normal. 

It is important to recognize this fact and not to mistake these veins for narrowed 
segments of the internal mammary veins, especially if less dense filling of these 
latter structures has been obtained (Fig. 1). There may, on the other hand, 
exist a real narrowing of the internal mammary vein itself, independent of 
any extrinsic pressure, which, as observed in several of our cases, usually occurs 
in the region of the third costal cartilage and mostly on the right. That such 
narrowmg does not merely represent a roentgenographic artifact, due to in¬ 
sufficient filling of the vein with contrast medium, has repeatedly been confirmed 
by surgical exploration of the respective area. 




. . 1-7-A fliagram of the suction apparatui On the left >s the Steilmin pump and the 

tune for maintenance of a constant negatiNc pre’»sure The drainage bottle is In the center 
and the air leak tube is on the right 




A. B 

Fig 2, A and It—Foi letjend see opposite pnrje 



A COMPACT SUCTION APPARATUS FOR CHEST DRAINAGE 

Donald M. Hannon, M.D.,^" St. Paul, Minn., 

AND F. John Lewis, M.D.,*^' Chicago, III. 

T he 3-bottle suction apparatus for chest drainage catheters which is described 
in textbooks of thoracic surgeiy^* “ is a simple, effective apparatus, but it 
has a number of defects. The tliree bottles, plus a suction pump, oecup.y a con¬ 
siderable amount of space and they are difficiilt to move. Nurses find it trouble¬ 
some to empty the drainage bottle but measurement of the fluid drainage will 
not be accurate unless the bottle is emptied. The connecting rubber tubes must 
be watched carefully to avoid kinking and obstruction. The bottles are easily 
tipped over and broken, thus connecting the pleural space with atmospheric air. 
To correct some of these defects and to make the whole apparatus more con¬ 
venient for the nursnig staff, we have modified the 3-bottle suction system into a 
compact, rugged unit of simple design.! 

The three bottles of the unit—the drainage bottle, the air leak indicator, 
and the vacuum regulator bottle—are all small and arranged compactly on a 
substantial metal platform which has room for one Stedman pump (Figs. 1 and 
2). The entire apparatus stands conveniently under the hospital bed. The 
Stedman pump maintains a negative pressure, the degree of which is regulated 
by the depth of the vent tube in the column of mineral oil. For a small volumn 
tube, such as this one, mineral oil has been better than water because it does not 
evaporate. If there is an air leak from the lung, this is indicated by bubbling 
from the small tube of the air leak indicator and this indicator bottle also 
serves as a water seal should suction fail. Adjustments in the amount of nega¬ 
tive pressure can be made easily by changing either the level of the oil or the 
depth of the tube beneath the oil. The use of a larger inside tube in the air leak 
indicator prevents water from being sucked over into the drainage bottle when 
the patient makes a strong inspiratory effort. 

All parts of the apparatus arc easily disassembled for cleaning or replace¬ 
ment. The metal parts are stainless steel. The apparatus is designed so that 
only short, relatively straight, rubber interconnections are used and thus the 
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Fig. 2.— A, Photograph of the apparatus viewed from the side. ^The tube 
at the left, air leak Indicator in the center, and Uie Stedman pump on t picture, 

which is attached to the patient’s chest catheters is coiled at the bottom o from the 

R, A photograph of the apparatus from the Hont. The ^^edman pump is s^ 
front and the drainage bottle is just behind it. The for the apparatus, 

and the air leak tube on the right. The crossbar at the top is a handle lor 
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AN EVALUATION OP IMPLANTATION OP THE INTERNAL JIAMMARY 
ARTERY INTO THE MYOC./VRDIUM OP PIGS AND DOGS 
IIowAHD H. P.vTT, JI.D., JIaurioio Golberg, M.D.,* John V. Clift, 3I.D., .ind 
Bunket Lourv.vnij, M.D. 

Baltimore, Md. 

S URGICAL efforts to introduce a new blood supply into tlie myocardium 
have been numerous and varied. The internal mammary artery implant 
as first described by Vinelicrg'” in 1946 seemed a simple but intriguing approach 
to the problem. The reported observation that an open vessel implanted into 
myocardium remained open appeared to lie a biologic phenomenon of great 
importance and deserving of intensive investigation. Consequently, when we 
became interested in the problem of myocardial revascularization, we were par¬ 
ticularly interested in the procedure of internal mammary artery implant. 
Knowing the difficulty of evaluating any of these procedures in the human 
being, we began our investigation in the laboratory animal, using the weanling 
pig as our experimental animal. 

The pig was selected primarily because its coronary circulation is of the 
end-artery type and very closely approximates that of the human being.= It 
has been shown that ligation of the left anterior descending (LAD) artery in 
the pig results in almost 100 per cent mortality within 15 minutes.^ Logically, a 
highly' consistent test ligation of the LAD artery might prove to bo a valuable 
yardstick for determining the efficacy of any operative procedure in improving 
the coronary blood supply. 

A total of 25 pigs .survived the implantation of the left internal mammary 
artery into the myocardium of the left ventricle. Eleven of these were operated 
upon after a 6- to 12-weelc period and a test ligation of the LAD artery was 

From the Departments of Sureery and Pathology, Slna! Hospital of Baltimore, Inc, and 
the Department of Surgery, The Johns Hopkins University School of Jledicine. Baltimore. Md. 
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danger of kinking is eliminated. The drainage bottle is a standard pharmacist’s 
bottle with graduations on the side which make volume measurements simple and 
direct. A special stopper makes it possible to empty the bottle quickly and 
easily. This stopper consists of a rubber cork which is compressed in order to 
tighten it in the bottle neck bj’’ simply turning the knurled top of the stopper. 

The apparatus has been used in the postoperative care of pulmonary and 
cardiac surgery patients and it has proved to be superior to the usual 3-bottle 
suction apparatus. 
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Animals surviving the pi'oeedure were sacrificed 2 to 3 montlis later. Plow 
studies were performed through tlic isolated implant in all animals not having 
obvious gro.ss occlusion of the implanted vessel. Normal saline solution at 120 
mm. mercury pres.surc was u.sed in the flow studies. Whenever an apparent 
flow through the implant was obtained, the saline was colored with methylene 
blue to locate leaks and to look for myocardial staining. Schlesinger’s'^ mass 
was injected into every implant with a demonstrable flow. All such specimens 
wore sectioned and st\ulied microscopically along with representative specimens 
of grossly occluded implants with no flow.® 



Fijr 1 —Doq JVo. 116. Pliotonilcrograph of the LAD artery distal to a partially oc¬ 
cluding ligature producing mj’ocardlal need. The lumen is still pitent, although narrowed. 
There IS minimal Intlmal thickening. 


RESULTS 

Nineteen of 23 dogs .survived the operative procedure over the o.xperi- 
mental period. All 4 mortalities occurred within 2 weeks of operation and were 
tlie result of the partial occlusion of the LAD arteiy. One implant of the re¬ 
maining 19 was demonstrably patent by all criteria (Dog. No. 116). There was 
a flow of 6.5 c.o. saline per minute at 120 mm. mercury pressure in tlio living 
animal. The vessel was grossly and microscopically patent. .?ehlesinger’s ma.ss 
injected into the implant was seen to enter the LAD artery and its branches 
(Pig. 2). In this one animal, a significant anastomosis developed between the 
implanted internal mammary artery and the left coronary artery system. Tlio 
other 18 implants were oceludcd, giving a 5.3 per cent rate of successful in¬ 
ternal mammary artery implants. 

♦We gratefully acknowledge the assistance of Drs Tobias Weinberg. Robert Solomon 
and Alma Kelly of the Department of PathoIog>* In the preparation and Interpretation ptor-.^ 
this material. 








700 


PATT, GOLBERG, CLIFT, AND LOURVANIJ 


J. Thoracic Sure. 
June, 19SS 


performed. Of this group, 10 died promptly of ventricular fibrillation, suggest¬ 
ing a failure of the implant to protect the myocardium from the effects of LAD 
artery ligation. Post-mortem examination in each of these 10 animals revealed 
gross and microscopic occlusion of the imijlanted internal mammary artery. 
Fourteen of the pigs with internal mammary implants grew too large to liandle 
for secondary operation in our laboratory. These were slauglitered at an abat¬ 
toir and the liearts removed for examination. In no instance was an anastomosis 
demonstrable between the internal mammary implant and the coronary circula¬ 
tion. Only one pig in the series of 25 (4 per cent) could be considered to have 
a successful internal mammary implant. This animal suiwived the test proce¬ 
dure of LAD ligation and gross anastomosis between the patent internal mam¬ 
mary and branches of the LAD arteiy was demonstrable by injection of colored 
vinyl plastic. 

It was apparent that this series was inconclusive. In using a different ex¬ 
perimental animal, the conditions of Vineberg’s experiments were not repro¬ 
duced. The pigs were all young animals and this might properly be considered 
an unfavorable feature in the test of the procedure. The weanling pigs re¬ 
sponded to opeir chest surgery with an extensive dense fibroblastic reaction. 
Some of the adhesions at the operative site were almost cartilaginous m con¬ 
sistency. This was equally true when a midsternal extraifieural approach was 
perfected. Another serious objection to the validity of the results was the failure 
to produce myocardial need. In addition, it jvas noted that Vineberg’s results 
improi'ed as he aiid his associates gained technical proficiency. It seemed rea¬ 
sonable that Ave, too, might expect a higher number of “takes” as our familiarity 
Avith the procedure greAv. Accordingly, a ncAv series Avas begun in dogs, dupli¬ 
cating the conditions of Vineberg’s experiments in every detail.^® 


PROCEDURE 

Healthy mongrel dogs Aveighing 25 to 45 pounds Avere operated upon 
through the left chest under intravenous Nembutal anesthesia. Pulmonary ven¬ 
tilation Avas maintained bj^ positive pressure oxygen administered by a modified 
Emerson^' resuscitator through an intratracheal tube. Myocardial need aats 
created by partially ligating the LAD branch of the left coronary artery over 
a No. 23-gauge needle (Pig. 1). The left internal mammary artery Arms care¬ 
fully dissected free betAveen the fourth arrd sixth irrterspaces. The distal end 
Avas divided and ligated preserving a suitable irrtercostal brarreh. The myo¬ 
cardial tunrrel in the left ventricle Avas made Avith a small curved clamp and 
planned to preverrt the possibility of angulation of the internal mammary as 
it AAms pulled through. Just prior to burying the implant, the selected inter¬ 
costal brarreh Avas divided flush AAuth the artery so that there Avas free and 
vigorous bleeding into the tunnel. The distal end of the implant aa^s then 
anchored to the exit of the tunrrel by a suture-ligature. The pericardial fat 
pad Avas utilized to preverrt adhererree of the internal mammary to the denuded 
sternum rather than as an additional source of blood to the myocardial surface. 


*J. H. Emerson Company, Cambridge, Mass. 
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I'lg 4— Doo Xo 20s Section throueh the internal mammary arter>' proximal to the 
nijocardlal Uinnel Note the extensive mtimal prolifeiation resulting in marked narrowing 
of the lumen 

Fig 5 —Doa Xo 167 Section through the internal mammarj arterv -iMthin the mjo- 
cardial tunnel Note the extensne intimal proliferation and marke<l nairouing of the lumen 
There is Schlesinger’s mass present within the lumen of the Implint but none demonstrable 
in the small branches nearby 
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Pig. 2. 



Pig. 3. widely 

Pig. 2.-DO, AO. 

patent implanted ^ Whether or not this is an artefact is as within 

^LTschle'lingeV'TVasTpresent m both the ti-ue lumen and false passag 

the small branches nearby. through the internal mammary m-tery witlu ^tl^^pjgtely 

Pig. Z.—Dop No. US. section L b successful flow study, " well as intimal 

Sfr™‘ipre.=i.n ot U.e v.,s.. — 

proliferation. 
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SmiMARY 

1. Implantation of the internal mammary artery into the myoeardinra was 
not a satisfactory revascularization procedure in our hands. 

2. A significant anastomosis was demonstrable in only one of 19 dogs (5.3 
per cent) subjected to implantation of the internal mammary artery after 
partial ligation of the left anterior descending artery. 

3 Successful anastomosis was demonstrable in only one of 25 pigs (4 
per cent) subjected to a similar pi'ocedure. 

(For FeferenceSf see page 717) 
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One animal (Dog No. 143), in which a 3.0 e.c. per minute flow was obtained, 
proved to have an occluded implant on subsequent Sclilesinger’s injection and 
microscopic study (Pig. 3). This apparent discrepancy proved to be due to 
minute leaks in the internal mammary artery prior to its entrance into the myo¬ 
cardial tunnel. The addition of methylene blue to the perfusate eliminated this 
source of error in subsequent experiments. 

DISCUSSION 

It is difficult to evaluate objectively the efficacy of a revascularization 
procedure on the human mjmeardium. Obvious clinical improvement may 
follow an operative procedure but maj’’ be entirely unrelated to the specific 
operation emploj’ed. The precise evaluation of an advocated operative pro¬ 
cedure by suitable laboratory study is of primary importance. 

In our liands, the implantation of the internal mammary artery into tlie 
myocardium was not a satisfactory method for improving the blood supply to 
the heart. An occasional successful result was obtained, but not with sufficient 
frequency to warrant our employment of this procedure in patients. Although 
other investigators have reported similar findings, their evidence was inconclu¬ 
sive. Glenn and BeaP reported results in 6 dogs observed for a period of 1 
to 6 weeks. Their operative procedure differed considerably from that advocated 
by Vineberg and their adverse findings must be regarded as inconclusive. Bakst 
and co-workers^ reported poor results with implantation of the internal mam¬ 
mary artery but used only 9 animals in none of which was myocardial need 
established. In our study, the usual criticisms were obviated. The size of the 
series was adequate. The technique employed was exactly as described by 
Vineberg. hijmeardial need was established. The operating surgeons had 
previous experience in internal mammary implants and were not attempting 
a new procedure for the first time. 

The often-described phenomenon of intimal proliferation was consistently 
present (Figs. 4 and 5) and could be found to some degree even in the suc¬ 
cessful implant. Tliis may eventually be circumvented by the use of a larger 
vessel,®’ or an artificial graft.*"* 

In performing a flow study on an implanted vessel, it is essential to ascer¬ 
tain exacth^ where the perfusate is going. An anastomosis via adhesions to the 
sternum or mediastinal fat may result in a misleading flow study. Small leaks 
from such vessels which have been divided are readily detected when the per¬ 
fusate is colored with methylene blue. Failure of the dye to discolor the myo¬ 
cardium is additional evidence that flow through tlie implant is not synonymous 
with flow into the heart muscle. 

Injection of the implant with Sehlesinger’s mass is important in establishing 
the caliber of the anastomotic channels. The mass will not traverse a vessel 
with a diameter less than 40 micra.*® Only Dog No. 116 was successfully in¬ 
jected with this material. 

Although these first attempts to introduce a new blood supply into the 
insufficient myocardium have been disappointing, investigation of the value of 
certain modifications of the original procedure are in progress in this laboratory. 
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results ie\calocl that in 25 loung pigs and in 19 dogs, the liinieii of the im 
planted internal mamniaij aiteii became obhteiated uitliin 4 neeks in all 
but one animal of eacli species” Tlic picscnt papei pieseiits the expeiinients 
isliicli were caiiicd out in an cffoit to uiideistaiid the cause of the intimal 
prolifeiation and the consequent oblitciatioii of tlie aiteij uhich had been 
implanted into tlie mj ocardium It mil be sliomi that iihen coiitinuous flow 
through the implanted aitcij is raaiiitamcd bs plunging the open bleeding 
end ot the lessel into the himeii ot the light icntiiculai cavitj, the implanted 
vessels do not deiclop intiinal piolitciation 

E\l>rRnlI.M \L STUDILS 

Conti ol Giotip —The use of an aiteii laigci than the inteinal inaiiimaij 
Mas suggested bj the notion that if the lumen neie naiioMed to 50 pei cent oi 
eieii 75 pei cent of its original sire, an adequate floM of blood still might be 
supplied to the heait niiiselo This thought was also pieseiit in the minds of 
othei investigatois, mIio hare since picseiited the lesulfs of then Moik' ” 
Consequentlj, the left caiotid aiteiy was mobilircd tinough a icitical cenieal 
incision, 2 cm to the left of the midline The left chest was then cnteied 
thioiigli the fouith inteicostal space and, mtli blunt dissection fioni within 
the thoia\ and the neck, the tianseeted eaiotid aiten uas fieed siifScienth 
to bung It into the plouial caiitt The pciicaidnim Mas incised and aftei 
one tangential opening, 4 mm in diametci, iias made in the oaiotid arten, 
the lessel mis pulled into a tunnel in the left lentiiciilai mjoeaidium An 
inspection Mas made to bo eoitaiii that the aitcii Mas not significaiitlj kinked at 
Its oiigiii as It Mas diicoted doMimaid toMaid the lieait, and tint it Mas not 
obstiucted at the point ot tiitii into the mjocaulium The pericaiduim Mas 
loosely leapproMinated and the chest Mall closed 

This opoiatioii Mas peifoimed on 14 dogs Mhich seiwcd as the coiitiol 
gioup At the end of one month the animals weie saciillced, and the heaits 
Mith then implanted lessels Mcie studied micioscopicallj In 13 of the 14 
dogs, the lumen of the implanted icssel was lediiced to 25 pei cent or less of 
its oiiginal aica This m is caused In intmial piolifeiation in 11 of the animals, 
Millie Ill the 2 otheis a thiombnsMas lesponsible foi the occlusion In one dog 
of this group, the poition of the vessel within the mvocaidium Ind letained 
80 pel cent of its oiiginal lumen, but the moie pioMiiial portion Mas naiiOMed 
to 20 pel cent and Mas the site of a fiesli tliioiiibus Thus, at the end of one 
month, these implanted caiotid aitciics were unable to delivci a significant 
e\tiacaidnc souice of blood to the mjoeaidium 

Implantahon Modified to Include Placing Caiotid in Iiiglif Tentiicle —The 
high ineidcnee of intimal piolifeiatioii and tliiomboses as lopoited In 
others,' " ” Mho used the inteinal mammaij aiteiv. Mas confiimcd hj oiii 

expeiimcnts in mIiicIi a laigei vessel was implanted bv the standaid opeiativo 
technique Oiii attention was diiected, tliciefoie, to the pioblem of tnmg 
to vindcistaiid the cause of the intimal piolifeiation Picvious vioik had sug 
gested that the inaintenance of floM tinough the miplaiiterl \eoool n n« imnnvfnni« 
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I N 1946, Vineberg^^ introduced tlie ingenious procedure of placing the left 
internal mammaiy artery into a myocardial tunnel. His subsequent re¬ 
ported experiments presented evidence to indicate that such an implanted 
vessel remained patent and developed arterial connections with the coronary 
vascular system, thus furnishing an extracardiae source of blood to the my¬ 
ocardium.^®’ Not only ivas there an anatomic connection but, also, this ex¬ 
tracardiae arterial blood was capable of protecting the heart muscle against 
both the mortal and morbid effects of coronary artery occlusion in experimental 
animals and in man. 

This procedure has not attained widespread acceptance for, in the hands 
of other investigatois, the results were not the same as his. Glenn and associ¬ 
ates^ observed that the new vessels ■which formed were small, resembling the 
capillaries seen in granulation tissue, and tended to disappear some time after 
the operation. Bakst^ and Maniglia® and their co-workers implanted the 
mammary artery into the myocardium of 9 dogs and, at the time of sacrifice 
6 months later, found that the lumen was obliterated to 10 per cent or less 
of its original size in 7 of the 9 animals, while in the remaining 2 dogs it was 
30 per cent and 50 per cent patent. The physiologic studies from the same 
laboratory gave no indication of any benefit from the implantations. -Beck” 
has also evaluated this procedure in dogs, and has been unable to find any 
evidence that a significant amount of extracardiac blood is delivered by the 
implanted vessel. On the other hand, Sabiston, Fauteux, and Blalock,'- using 
a larger artery (carotid) and a somewhat different technique, were able to 
demonstrate that the lumens of the implanted vessels'remained patent in 28 
of 32 dogs. However, when they measured the amount of blood supplied to the 
heart muscle bj^ the implanted vessel, the values averaged no more than 5 e.e. 
per minute. 

Because of the contradictory nature of the reports, and because the con¬ 
cept of arterial implantation into the myocardium appeared to be a biologic 
phenomenon, sufficiently unique and important to merit careful investigation, 
we began to evaluate the procedure in this laboratory 3 years ago. The early 
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Tlie fourth dog was a teoliuiral fail. • . 

vessel had retracted into the ri^ht v^tricur implanted 

tl.e nght ventricular cavity was not posTbe 
vessel was occluded throughout its coursft tl 

left ventricle resembling tJie arteries in ? myocardial tunnel of the 

appeared to support the argument that IT «-^Periments 

avtm,- was subjected by tlm rereat^i mSC. i -^’^‘"ted 

m intimal proliferation, as h.ng as blood was ft did not result 

"“'J- l™ m.pl«i.k,I »t. i Mi Ztf!,, ‘‘"f tit 

a tangential opening liavmg been made in the t "Voeardial tunnel with 
of the artery was place,1 in the rflrventiti 'T't 
animals were sacrificed at 1 to 3 months nostnn ' .‘’‘’’ 7 ^^'' , ^wenty-two of the 
for 6 to 10 months. A ,,eilod oTs o 4 we ’ ^«=''>"’ed 

lapse of time for evaUmthm the fate of ti rT ‘’“o minimal 

control group, the luiinms were aInJTobI T ^ ‘"o 

expected obstruction wa^ noted in tlm dista eml' if d, t ^n- 

6 instance.,, the vessel n.,., not pla ed tcunte IZ “ 


Um -‘wv.ut.vt inc papillary muscle 

‘ ory preparation sli-iv\ed a large polypoid tl 
of thf> . .. 


onije a«eo: su;i; 

silt ventricular eaviy is shown in Fig. 2. 1„ otTr i T! “ T 

le artery was oeelm' ,1 witliont an obvious caiiw. These 14 dorr, th 
( not have blood flo,, mg through the implanted miory into tlie richt 
5 cavity, and thus ...presented a preparation similar to the eS T ’’ 
y may be eonsidei. .1 as “accidental controls. ' In the remaiuinn. 15 an^"'°T' 
c iinieii of the vess. 1 in tlie right ventricular cavity was either entirp) T^ 
r ad become narr..\'rd during the postoi>erative period, hut had ani/-°^fi” 
Pnniitted continuous flow of blood through tlie ye.ssel These renr •i' 

“‘«t animals” which can be compared vWth both the control an/ TT 
control groups. The desired result of an open distal end which permits' }T ^ 
flow into the right v. ntriciilar cavity is shown in Fig. 3. ^ 


Hesulis in the Accidental Control Group .—The 14 dogs in this ar 
'caled that the lumen of that portion of the vessel passinn- throno-li 
'^ntricular myocardium was reduced to 25 per cent or 4, of Fts T I 
®c in 11 animals, while in 3 it was 75 to 100 per cent patent. This siiTst* 
'at perhaps the distal end of the vc.,scl was delivering blood into theTi^ht 
''cntneular cavity for some period of time during the postoperative eoufse 
tlie latter 3 animals. However, when these findings are combined with tl 
“ntrol group of 14 dogs, there were only 3 dogs among the 28 (11 per ce t) 
'a "-horn the lumen of the implanted arlerics remained patent one month after 
operation. These re.sitlts wore obtained in all those animals with an implanted 
carotid artery, which had one good-.sized tangential opening in the.,implanted 
portion of the ve.ssel and which were occluded distal to the timnp ' 



708 


NACHLAS, MYEES, SOLOMOK, KELLY, AND SELIGMAN 


J. Thoracic Surir. 
June, 1958 


This was sliOAvn by the procedure of dividing the internal mammary artery 
proximally after it had been freed from the chest wall, carrying the artery 
through a ventricular tunnel, and anastomosing the proximal end of the vessel 
to the left atrium. By such a technique Carey and associates* were able to 
demonstrate a marked reduction in the occurrence of intimal proliferation as 
compared with the control series. The procedure which we instituted was 
to perform the same operation as described in the control group above, but 
to place the distal end of the carotid artery with its open end into the right 
ventricular cavity. This procedure is illustrated in Fig. 1. 



Fi&. 1.—Illustration of the double implant type of operation where the carotid 
with one tangential opening is implanted into the left ventricular myocardium and the aista 
open end of the vessel is placed in the right ventricle. 

Effect of Cardiac Contraction on the Implanted Vessel .—It seemed advisable 
to determine whether the trauma which the artery sustained by repeated ventric¬ 
ular contraction was responsible for the intunal proliferation. Therefore, the 
procedure just described was carried out on 4 dogs with the exception that 
no tangential opening was made in the artery as it passed through the myo¬ 
cardial tunnel of the left ventricle. Thus, we could determine the effect o 
the cardiac trauma alone. In 3 of these 4 animals, which were sacrificed at the 
end of one month, the artery appeared grossly as soft and patent as the day 
it had been implanted. This was in striking contrast to our control group, m 
which the arteries were tliickened, rigid, and almost completely obhtera e . 
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T\RLE I. PliESERVATIONS OK PATENCY IV THREE TYPES OF CaROTII) IMPI \.NTVTI0NS 


GROUPS* 1 

TOTAL NO OF DOGS 

0 25% PATENCY 

SO 100 % PATENC\ 

NO. OF DOGS 

NO. OF DOGS 

1. Controls 


14 

0 

2. Accidental controls 

14 

11 

3 

3. Test 

15 

0 

15 


•The control group reproaent the animals which had a standard tj pe of implantation of 
the carotid artery Into the m>ocardIum of the left ^ent^lcle TJie accidental controls \\ere 
those animals In nhich the distal open end of the .arterj nas placed in the right ventricle but 
uhlch ^\as obstructed due to thrombosis or faulty technique The test group aie those dogs 
uith a persistent open end of the implanted \essel dellxenng blood into the right ^entncie 


into the implanted arteiy, tiie entire left coronary arterial sjsteiii was seen to till 
with tile bine dye. This animal was sacrificed 9 months after implantation. 
In 11 of tile 15 test preparations either a flow study or a Scldcsinger’s mass 
injection, or both, were done The 6 flow studies xierformed did not reveal any 
significant amount of blood flow. Si.\ of tlie S in,]cctcd specimens iiad good 
anastomotic connections between tlic implanted vessel and the coionary arterial 
tree However, flow studies done in 3 of tlicse 6 weie disappointing in that tiiey 
only demonstrated 1, 3 2, and 9 e c per minute. 





'Inlramuscu'lav'^ 
'nanplanl 

-Extramue- 
cular 
iraplant 

, \ 
pL A.D. and 
branches' 


Fig. 4 —Bas-relief photograph Scblesinger's mass has been injected Into the implanted 
carotid arteiv 9 month's after its placement The blue-stained mass filled many of the 
branches of the anterior descending branch of the left coronary arter> On the right Is an 
interpretive diagram, uhleh helps to o\ercome the deficiencies of the black and ulilte print 
The hea\y markings indicate those vessels which were seen to contain the blue mass Similar 
findings were noted in 6 of the 8 dogs in which such injection studies were done However, 
the presence of these connections between the Implanted and the coronary arteries was not 
associated w ftli a significant amount of measured blood flow’ 


Details of the Pathologic Findings.—An e.vamination was made of caeli 
heart at the termination of the experiment. Gross inspections were made and 
blocks were taken for mieioscopic examination from the carotid artery pioximal 
to the implant, from the artery within the tunnel, at a point distal to tlie tunnel 
and when the double implant was made, adjacent to the site of egress into the 
right ventricle Sections nere stained with Iicmatoxylin and eosin and witli 
a Weigert elastic-van Gieson stain where indicated. 
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Results in the Test Animals With Flow Into the Right Ventricle.— 

15 dogs were considered satisfactory for evalnating the effect ol continual blood 
flow through an implanted vessel. In contrast to the findings just recorded 
all of these vessels were soft and pulsatile. On microscopic examination, the 
lumens were found to be from SO to 100 per cent palent. Table I summaiizes 


Fir 2 


Fig 3 



Fig- 2—Photograph bho^Mng an obstruction b> a thioinbus of the distal end of the im¬ 
planted \es&el lying in the right ^entrlculal caMtj The exteinal portion of the 
shoan on the right, Ijing on the surface of the left \entncle It passes thioiigh tiie cui 
mjocardium of the right lentricle and is shown Ijing in the canty The attached thionious 
IS seen on the left "When this pre\ents continuous floM thiough the caiotid arterj, tiie u 
planted ^ essel sliou s marked intimal proliferation 

Fig 3—In this specimen, the desiied lesult of an open distal end of aitery 
The artery is lying in the centei of the field ^\lthln the light ^entllcular caiitj' 
the pulmonic lalie The implanted poition remains soft and patent, iiitli little or no mi 
proliferation 


the results in control and test animals When the 3 dogs in whicli the effect 
of muscular contraction on the artery are included with tins test group, it 
may be noted that 300 per cent of the 18 implanted arteiies remained patent 
when they had an open distal end to allow continuous flow 

That anastomotic connections with the coronaiy circulation did develop in 
some of these animals is .shown in Fig. 4. AYhen Sehlesinger’s mass was mjectec 


Volume 35 
Number 6 


PxVTENCY OF IMPLANTED CAROTID ARTERIES 


713 



B. 

Fig. 6.— A, Obliterated carotid artery m a control animal with the artery lyinc- within 
the intramural tunnel, 7 ueeks postoperative. In contrast, the artery jn the test animal 
with free flow into the rjglit ventricle shows minimal Intlnial proliferation. 7 months postopera¬ 
tive. The perivascular scar formation is notably small. 
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As others have observed, no hematomas were noted about the vessels in 
the mjocaidium even at the points where openings had been produced There 
lias insignificant phagoeytized hemosidcim, but an occasional heart exhibited 
calcifications adjacent to tlie implant The arteries m the tunnels iieie sui 
louiided bj collagenous scai tissue but this leaction, present also in the controls, 
was variable and did not depend on the duiation of the expeiinient In some 
instances tlieie was suipiisingly little seat tissue foiined about the vessels 

Obliteration of the implants occurred in the eontiols and ‘'accidental con 
tiols” bj seveial meehaiiisiiis Intimal proliteratioii was piesent to some extent 
in all instances, featured bj a growth of loose textuied, weblike connective 
tissue This was accompanied bj some splitting of the internal elastic lamella 
Thrombosis occuiied in one half of the eases with eaily or late organization de¬ 
pending upon the duration of the experiment The thiombotie masses formed 
on the mtinial elevations and also on areas of neciotic intima for, m several 
hearts, the walls of the carotids were necrotic trom adventitia to intinia It 
seems highly unlikely that the recaiializations present m some of the piepara 
tions of the control gioup, which give the appearance of hav'iiig a small lumen, 
could eairy any significant amount of blood into the heart 

A stiikiiig contrast was noted between the carotids of the test animals vvlieie 
flow of blood into the right ventricle was effeeted and those ending blindly 
This IS shown in the illastiations Fig 5 is a comparison of the aiteiies pioxi 
mal to the mjocaidial tunnel in a tjpical expei intent Intimal piolifciation 
IS insignificant m the test animal The aitones within the tunnel and distal to it 
are compared in Figs 6 and 7 Fiuthcniioie, in some of the test piepaiafions 
tlieie were stiikingly piommenl vessels about the implant as long as 6 months 
postoperatively, the presence and size of which could not be assigned to grami 
lation tissue These vessels vvlueli had been injected tlirougli the carotid im 
plant were connected with the eoionary ciiciilatioii (Fig 4) Further in 
vestigation of the factors involved in this encouraging finding aie now in 
piogiess 

DISCUSSIO'J 

The disciepancics which have arisen in the several lalioiatoiies which in 
vestigated the pioceduie of arterial implantation into the mjocaidium aie 
difficult to explain Vinebeig' has emphasized that two piineiplcs aio of ut 
most importance in the maintenance ot patency and the development of anas 
tomoscs These aie (1) the propei technique and (2) the presence ot “need” 
or aiterial nisufficicncj With attention to these two featiiics, he incicased the 
mimbei of Ins successful takes fiom 46 pei cent to 75 pei cent Coiieeiniiig 
the matter of technique, liis descriptions are adeqmtelv detailed and lucid It 
seems hkelj that those investigatois assessing the operation weie able to pro 
pare their animals with satisfactory technical accomplishment Why thev' vveie 
unable to find patent vessels xemains a iiivsteiv It mav be noted, hovvevci, 
that those who were able to obtain pcisistentlv patent lumens m the implanted 
vessels followed an opeiative technique which varied somewhat fiom that de 
scribed bj Vinehcrg Fiiqiiav and associates implanted the left subclavian iiten 
and left its 4 blanches open 111 the mjocaidial tunnel Sabi nd nates'- 
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B. 

Fiff 7 —Artery distal to tunnel in control animal showing 
and organization of the thrombus after 7 weeks JS^ AVide open vessel distal to tunn . f 
to right venti iculai implantation, usual experimental result after 7 months 
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made a long tunnel into which they implanted an artery with multiple tangential 
openings. Smith and associates^ used a nylon tube to convey the blood from 
the aorta through a ventricular tunnel, and thej’^ likewise had multiple perfora¬ 
tions of the implanted portion of the tube. Carey and co-workers'* anastomosed 
the end of the implanted artery to the left atrium. The results obtained by 
these investigators were similar to ours in showing that the majority of the 
implanted vessels do remain patent. All of these modifications appear to have 
one thing in common; namely, they are constructed so as to permit a continuous 
flow of blood through the implanted vessel. It is our opinion that this feature 
is the critical one in preventing the development of intimal proliferation and 
obliteration of the arterial lumen. 


The second matter to wliich Vineberg directed attention is the receptive 
site. A myocardium Avith reduced arterial circulation, either as the result of 
surgical ligature or atherosclerosis, is presumably an area which Avill be more 
receptive to the blood furnished by an extracardiac vessel. On teleological 
grounds, therefore, the implanted artery rvill tend to remain patent and develop 
anastomoses Avith the existeiJt arterial tree Avhich is earr)dng a reduced volume 
of blood. In Vineberg’s reported experiments, it may be noted in the normal 
hearts that the number of patent Amssels Avas higher than the number Avith anas¬ 
tomotic connections (65 per cent as compared to 46 per cent) and in the ischemic 
hearts (76 per cent as compared to 71 per cent). While the latter differences 
are not siguifleant, it is interesting to note that myocardial ischemia increased 
the number of patent vessels from 65 per cent in tlie control group to oul.v 
76 per cent. It Avould seem, therefore, that need is not too important a factor 
as regards the maintenance of patency. This argument is supported by the 
reports from other laboratories as aa'cII as our oavu findings that most of the 
ai’teries remained patent in hearts Avithout myocardial ischemia. 

The point Avhich Ave Avish to emphasize is that the majority of the implanted 
vessels Avill remain patent even in normal dog heails as long as there is significant 
floAV through the vessel. Presumably Avhen anastomoses develop the floAV has 


been adequate. HoAvever, the amount of blood floAV required for the maintenance 
of patency is still unknoAvn. Furthermore, the development of anastomotic 
connections Avith the coronary circAilation does not necessarily indicate that a 
significant amount of blood is Ijeing supplied to the heart muscle. This point 
is substantiated by Vineberg’s work*®’ ** shoAving a floAv of only 6 or 7 c.c. per 
minute in 2 of 6 dogs despite the existence of anastomoses, the experiments of 
Sabiston and his co-Avorkers*’ shoAving an aAmrage floAV of only 5 c.c. per minute, 


and by our oAvn observations that the presence of anastomotic coimeetions is 
not ahvays associated Avith the deliveiy of large volumes of blood to the heart. 
HoAAmver, Vineberg may be correct in his opinion that implantation of an arteip'' 
in ischemic heart muscle is more conducive to the development of anastomotic 
connections betAveen the implanted vessel and the coronary circulation. The 
modification herein proposed, of implanting the open bleeding end of vesse 
into the right ventricle, fulfills the need for maintaining flow through tie 
artery Aidiile anastomoses are being formed Avithin the myocardium. 



THE SURGICAL TREATMENT OP PECTUS EXCAVATUM 
Rollin a. Daniel, Jn., jM.D. 

Nashville, Tenn. 

T here is general aeceptaiiee of tlie rationale for the surgical correction of 
the abnormality generally i-cferrcil to as pectus exeavatuni, particularly 
when the deformity is marked. There remains uncertainty and disagreement 
regarding the indications for snrgcry when the deformity is mild or when the 
patient’s physical development otherwise is unimpeded, and also in regard to 
the proper age at which surgery .should be undertaken. As has been pointed 
out in a number of publications, the elinieal manifestations and the indications 
for operative eorroction fall into three categories: cosmetic, functional, and 
orthopedic or postural, the last category being a function, in part, of the first 
two. 

A number of variations in operative technique have been de.soribed since 
the important publication by Brown,’ in 1939. These include the two pro¬ 
cedures termed “simple” and “radical.” The “radical” operation, which con¬ 
sists of the division or resection of the deformed costal cartilages, the removal 
or the division of the attachments of the xypboid, and osteotomy of the anterior 
cortex of the body of the sternum with elevation of the gladiolus, has been 
modified in many ways since Brown described his operation. Many authors 
have emphasized the need for fixation of the elevated sternum to an external 
splint or prosthesis for variable periods of time.*'” Others have used methods 
of internal fixation which employ grafts of rib,“ or cartilage,’ or the use of 
wires® and Steinmann pins.® Ravitch,’” in 1949, advocated a procedure in 
which no traction apparatus or internal splint is used to maintain the elevation 
of the sternum. He has since then employed such a procedure in a large num¬ 
ber of cases with satisfactory result.s." 

Since 1948, we have operated upon 35 patients with funnel breast de¬ 
formity. Five patients were adults. The .voungest was 6 months of age, the 
oldest 42 years. External fixation by means of wire sutures, as was described 
by Brown, was utilized in only the first 2. No splinting, either external or 
internal, has been used in the remainder. 

The purpose of this paper is twofold: to add emphasis to Raviteh’s con¬ 
tention that external fi.xation of the mobilized sternum, b 3 ' means of metal 
sutures or splints or by grafting, is not needed and to describe a modification of 
the operation described by Ravitch which has been performed upon 29 patients 
since 1954. 

Received for publication Oct. 7, 1967. 

From tile Department of Surgery. Vanderbilt Unlvetsity Scliool of llet’*''*"'’ 
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Fjff. 1.— A, The Incision may be in a vertical (a) or transverse (6) direction 
factory exposure is obtained by eitber. We now prefer tbe transverse incision. 

B, Excision of the costal cartilages Is effecte<l ••• • .... 

C, The lines of Incision through the entire che 
anterior sternotomy. 


Satis- 
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TECHNIQUE OP OPERATION 

The incision may be placed in a vertical direction, extending from the 
manubrium sterni to a point about midway between the xyphoid process and 
the umbilicus (Fig. 1, d.-a), or it may be placed in a transverse manner, in 
which case it is extended across the xjTihoid and to each anterior axillary line 
(Fig. 1, A-b). In the majority of eases we now prefer the transverse incision. 
The resulting scar of the midline incision may be unsightly and is usually 
high enougli to be exposed through an open collar or low-necked dress. 

The skin, subcutaneous tissues, and pectoral muscles are dissected away 
from the body of the sternum and the costal cartilages to such an extent that 
the greater portion of the anterior chest wall and the upper parts of the rectus 
abdominis muscles are exposed. This dissection should be extensive in order 
that all of the deformed portions of the costal cartilages are exposed. The 
cartilages .are then excised subperiehondrially (Fig. 1, B). It is important that 
this include all the deformed cartilages, whether or not tlie depression is sym¬ 
metrical. In most cases the resection will include portions or all of the seventh 
cartilages and progressively shorter segments of the sixth, fifth, fourth, and 
third. 

Following removal of the cartilages, the rectus muscles and the linea alba 
are freed from the xyphoid and from the perichondrium of the seventli 
cartilages. The x 3 '’phoid is not excised. The anterior cortex of the sternum is 
then transected at the level at which the posterior angle or curve begins; usu¬ 
ally this is at the level of the third intercostal space and a Avedge-shaped seg¬ 
ment of the bone is excised to permit the sternum to be brought forward. 

The sternum is elevated inanuallj^ and the pleura is freed fi'om the sternal 
borders and the endothoracic fascia by blunt dissection and is displaced lat¬ 
erally on each side. The parietal pleura on the right side is usualty incised 
purposely to permit drainage into the pleural cavity postoperatively but the 
pleura on the left side is also often opened inadvertently. Incisions are then 
extended from the costal margins upward through the entire thickness of the 
soft tissue flaps, created by the subperichondrial resection of the costal carti¬ 
lages, in a slightly eui'Adng line which is adjacent to the cut ends of the re¬ 
maining costal cartilages (Fig. 1, C). The resulting soft tissue flaps, Avhich 
have been left attached to the lateral borders of the sternum, are composed of 
endothoracic fascia, the intercostal muscle bundles, and perichondrium. Care 
has been taken to preserve the integrity of the internal mammary vessels 
superiorly, although they are often divided inferiorly as the rectus abdominis 
muscles are separated from the xyphoid and costal margins. 

The soft tissue flaps are then brought outside the rib cage to overlap the 
costal cartilages and ribs laterally. They are sutured to the fascia overljnng 
the intercostal muscles and to the perichondrium on each side, under moderate 
tension, with many interrupted sutures of silk (Fig. 2). These flaps, suturec 
as they are under moderate tension, act as taut “slings” to support the body 
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DISCUSSION 

The xesults in the patients in whom tliis procednrc has l)ccn caviied out 
liave been satisfactory on tlie whole. In the majority the sternum lias been 
maintained in good position. In a few there has been slight letraction of the 
lower end of the sternum and, in these few patients, this has been noted not 
during the early postoperative period but always after a period of at least 
G weeks Tims, the use of an external prosthesis to maintain or “ over-correct ’ ’ 
the position of the sternum, if removed within the first 2 or 3 weelcs after oper¬ 
ation, would not have aecomplished its purpose. 

In a 4-year-old child, on whom the operation employed by Raviteli was 
carried out, theie occurred gradual postoperative rotation of the sternum in 
such a manner that the right sternal border came to rest in a fonvai’d position 
beneath the skin as a visible and someuhat unsightly ridge or keel. This has not 
occurred following the technique described herein. 



A. B 


Fig i —Appearance of anterior cliest -nail before opeiatlon (A) and 3 weeks following 
operation (B) Ver>' sllgJit retraction of the lower end of the sternum was noted several 
weeks later 

The defoimities in which this operative ptocedure lias been employed have 
varied Usually the curve of tlie sternal body is concave on its mediastinal 
surface, while tlie vjplioid is turned forward at a sharp angle at its junction 
with the body Tno children, one male and the other female, operated upon 
bj- us e.vhibited a “double euive” of the gladiolus, the anterior being convex 
as IS usual at about tlie lei el of the third costal cartilage and sligiitly ooncave 
near its inferior end. Osteotomy iias, therefore, perfoinied at the two levels 
in order to flatten the sternal body and its position has been satisfactorily main¬ 
tained in both cases. Lester” has recentlj- classified deformities of the anterior 
chest nail and he calls attention to the fact that the position of the deformed 
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of the sternum in a normal position. Interrupted sutures of silk are tlien 
placed to oppose the cut edges of the fascia and periosteum overlying the ster¬ 
nal osteotomy. No sutures are placed in the hone itself. 

The cartilaginous xyphoid, which is sharply angulated forward, is partially 
divided transversely. It can then be easily molded or fractured so that it lies 
in a plane with the body of the sternum. The rectus abdominis fascia and 
linea alba are sutured to the xyphoid and to the lowermost margin of the 
lateral soft tissue flaps to complete the operation. 



Fig 2—^The soft tissues, composed of perichondrium, intei costal muscles, and endotlioiacio 
fascia, are sutured under slight tension to the chest naU lateralb 


If the left pleural cavity has been opened, air is evacuated by means of 
a small catheter which is removed as the wound closure is completed. An 
inlying intercostal catheter is left in the right pleural cavity, through a stab 
wound in the lateral chest wall, for drainage of the mediastinum through the 
right pleural cavity. The pectoral fascia, subcutaneous tissues, and skm aie 
approximated with fine silk sutures. 
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costal cartilages and ribs is quite variable and often asymmetrical. He also 
notes that occasionally pectus excavatum will he associated with a posterior 
deformity of the upper end of the sternum and also, probably more frequently, 
with a flaring of the lower costal cartilages and ribs anteriorly. The unsightly 
flaring of the lower cartilages can often be improved or corrected entirely by 
the complete excision of not only the depressed medial ends of the lower* car¬ 
tilages but the flared lateral portions as well. 

The operative procedure herein described has been carried out effectively 
and with considerable improvement, from a cosmetic standpoint, in one patient, 
a 16-year-old boy, with a marked protrusion deformity (pectus carinatum) of 
the sternum and anterior chest wall. Pulmonary function studies, carried 
out prior to and some rveeks following the operation, revealed no change. 

Pulmonary function has been measured in a number of children with 
pectus excavatum before and after operation. A nnmber of these are still 
undergoing stud 3 ^ The insults of these tests will be published later, but it 
does appear now that a definite increase in the pulmonary function, as related 
to the growth of the children, is measurable during periods of time which vary 
from a few weeks to several months following surgical correction of the de¬ 
formity. 

The value of the operative procedure from a functional standpoint has 
been well demonstrated in 3 children with cereirral palsy. Four such children, 
all with marked sternal depression and inspiratory chest wall retraction, have 
been subjected to operation. One died following cardiac arrest during opera- 
tioir. The remainder have beerr almost completely relieved from frequently 
recurring severe respiratory infections which had added jnuch to the difficulty 
of their care prior to the corrective operations. 

There have beeir rro other deaths following operation except for the one 
recorded above. Complications have been few. One child, a 7-year-old girl, 
with cerebral palsy, sirffered two proloirged generalized coirvulsive seizures on 
the first postoperative day. Her subsequent recovery was uncomplicated. 
Asiriration of small amounts of serous fluid froirr the wounds was necessary in 
3 patierrts. There were rro wound iirfections. The average time of hospitaliza¬ 
tion after operatioir has beerr 7 days. 

SUMMARY 

Air operatiorr for the correctioir of developirrerrtal deformities of the arrterior 
chest rvall is described in detail. The procedure involves an exteirsive dissection 
aird mobilization of the sterrrum aird the adjacent arrterior chest wall and no 
external prosthesis or splint is employed. The postoperative care is simple. 
Complications have been few and the total period of hospitalization rather 
short. The procedure has been carried out on 28 patients with varied types of 
funnel chest deformity and on one patient rvith pectus carinatmn or pigeoir- 
breast. The results, from both the fuiretional and cosmetic standpoint, have 

been satisfactory. 
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lymph sacs, which lie in the cervical region, grow downward along tlie trachea 
to the lungs. The left grows faster than the right and joins with it at the tracheal 
hifureation, sending a large contribution to the right lung as well as to the 
left. From the retroperitoneal lymph sae, which lies in the upper part of the 
abdomen, arises the lymphatic supply of the lower third of the esophagus, the 
stomach, pancreas, spleen, liver, adrenals, and kidneys as well as the diaphragm 
and lower third of each lung. Usually 3 or 4 vessels, closely associated with 
those of the diaphragm, arise from the cephalic portion of the sac and grow 
dorsal to the stomach into the lung (Pig. 1). The vessels to the diaphragm 
supply that stnieturc, and the pulmonary lymphatics extend into the pulmonary 
ligament about one third of the way to the liilum, dividing there into 2 branches 
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Fiff 1-—D/aKrammatic repre'sentatfon of Ijmphatic \esse!s arising from the retioperi- 
toneal sac, from Cash* Tlio lung an«l djapliraffmatic Ijmphatic jcssels originate m common 
and, as the latter spread o\er the diaphragm, the pulmonarj Ijmphatjcs pa<5a through it to 
reach the lo^^er thiid of the lung Lymphatic vessels to the upper abdominal \iscera also 
arise from this sac 


One supplies tlie lateral and the other the diaphragmatic surface of the lowei 
lobe. These grow into the lung and join with those extending out from tlu 
hilum 

Since the vessels fiom the right and left lympli ducts persist in the adult 
as the riglit and left tiaclieohionchial chain, emptying into the respective 
jugnlosubclavian trunks, it seems likely that the vessels from the retroperitom’ii 
sac would also icmaiii. If they do, and if flow tlirougli them to tlie abdo--r 
is not impeded by valves, this mode of pulmonarj' hiiiph drainage vouk'--^ 




DIRECT LYMPPIATIC CONNECTIONS FROM THE LOWER LOBES OF 

THE LUNG TO THE ABDOMEN 

Kenneth K. Meyer, M.D.*' 

New Orleans, La. 

INTRODUCTION 

A bdominal metastasis is relatively common in cancer of the lung. In the 
3,047 collected cases of pulmonary cancer studied by Ochsner and De- 
Bakej^^® 78 per cent were metastatic to media.stinal lymph nodes, 33 per cent 
to the liver, 20 per cent to the adrenals, and 17 per cent to the Iddueys. In 20 
per cent of the 1,298 cases in which .such information was recorded, metastasis'to 
abdominal Ijnnph nodes occurred. Although spread to abdominal lymph nodes 
is patently lymphatic, dissemination to abdominal organs may be by way of the 
lymph or blood vessels, by direct extension of the tumor, or bj^ any combination 
of these. We still do not know which route of spread is most important and,at 
what point, in the course of pulmonary carcinoma, metastasis occurs, despite 
the importance of these to therajiy of the disease.® 

Metastasis to abdominal nodes is usually considered to result solely from 
anomalous drainage caused by neoplastic invasion or adhesions of the lung to 
parietal or diaphragmatic pleura. However, Rouvierc^^ described 2 specimens, 
and Mouehet and Nouilddine® one, in which the ljunphatic vessels coursed 
from the lower lobes to a retroesophageal diaphragmatic node whose efferent 
ended in an abdominal para-aortic node. De Sousa,® in 2 specimens, found 
vessels from the left lung that ran without interruption to nodes of the gastric 
cardia or abdominal para-aortic nodes. In one of these, a vessel, which left 
the mediastinal surface of the right lower lobe, passed through 2 paraesophageal 
nodes before ending in an abdominal para-aortic node. This mode of lymph 
drainage could explain some of the cases of metastasis from pulmonary cancer 
to abdominal lymph nodes, but none of these authors seemed to consider it 
as other than an uncommon variant, and the existence of such a vessel is, in 
fact, specifically denied in a recent textbook of anatomy.® For these reasons, 
the possibility of such spread is seldom considered in the planning of therapy 
for patients with cancer of the lung. 

The failure of more frequent demonstration of such routes of intra-abdomi¬ 
nal pulmonary lymphatic drainage is .surprising in view of the embryologic de¬ 
velopment of pulmonary lymphatic vessels. Cunningham'* demonstrated that 
the pulmonary lymphatic vessels arise from 3 sources; the right and left jugn- 
lar lymph sacs and the retroperitoneal lymph sac. The vessels from the jugular 

From the Department of Anatomy, School of Medicine, Tulano University, New Orleans, 
LQ/ 

Presented at the meeting of The American College of Chest Physicians in Miami, Nov. 
9-11, 1957. 

Received for publication Oct. 16, 1957. 
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nodes and all specimens displayed dvainage to tins avea through the usually 
described cliannels. Only those vessels that coursed to the abdomen will be 
described. 

AVhen present, these vessels arose from the diaphragmatic surface or the 
lower medial surface of the lower lobe. Within the pulmonaiy ligament, they 
invariably eotirsed near its lower free edge, following the ligament to its attach¬ 
ment to the diaphragm. Usually the several small vessels that left the lung united 
into a single trunk. This continued as a single trunk or it divided into two 
or more channels. These then passed to the abdomen without interruption, or 
joined tlie infraperieardial nodes or the posterior diaphragmatic lymphatics 
before terminating in the npper pai't of the abdomen. 



Flff 2 —Djafframniatic representation of pulmonarj’’ lymphatic vessels that drain to the 
celiac nodes These vessels usually pass throuKh the esophageal hiatus, then run alonj? either 
crus to the aortic nodes near the celiac axis They may pass directly through the diaphragm 
Occasionally they terminate In or send a branch to a node of the cardia The inset shows 
the union of vessels from the right and left lungs obsen ed In one specimen 

In Pig. 2 is shown the general path of those vessels that coursed unin¬ 
terruptedly to abdominal nodes. These were observed issuing from the right 
lower lobe in 2 of the 15 successful injections of this lobe and from the left 
lower lobe in 3 of 12 successful injections. The vessels leaving either lobe passed 
in the pulmonary ligament to reach the esophagus slightly above the hiatus 
or ran on the diaphragm for a short distance before traversing the hiatus 
anterior, posterior or lateral to the csophagas. In one spceiinon the vessel 
from the left lower lobe passed through the diaphragmatic musculature instead 
of the hiatus. Within the abdominal cavity the vessels left the esophagus to 
run down either crus to the nodes about the celiac axis. Some terminated in, 
or sent a branch to, the nodes of the cardia before ending in tlie celiac nodes. 

The inset in Fig. 2 shows the union of the vessels from the right and left 
lower lobes which was observed in one specimen TViocn voccoio ir,;r,i%a 
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Cumiingham'* suggested, liave considerable clinical significance. Altbougli previ¬ 
ous studies indicate onlj^ rare persistence of this fetal state, the poorer prog¬ 
nosis of cancer of the lower lobe* (13 j)er cent of patients with cancer of the 
lower lobe survive 2 .years as compared with 22 per cent of those with carcinoma 
of the upper lobe) and the extensive spread of pulmonary carcinoma to the 
upper part of the abdomen suggest that such vessels exist commonly. The 
purpose of the present study was to determine the status of these channels, the 
extent to which thej^ persist, and their character. 

3IATERIALS AND JIETHODS 

Twenty-three stillborns and neonates, whieh were anatomically normal, 
were obtained after storage in a morgue refrigerator for 72 hours. In some, 
injection and study were done immediatel.v but most were preserved by freezing 
at -10° F. for several days to months. This freeze storage had no noticeable 
effect on the injection. 

Since lymphatic vessels are more successfully injected when the tissues 
are warmed,*'* all sijeeimeus were thawed and immersed in warm water to bring 
them as closely as possible to bod.y temperature. The ribs were then removed 
to obtain good exposure of the lungs but the sternum and costal arches were 
left in place to support the mediastinum and diaphragm in correct anatomic 
relationships. After the lungs had been inflated through a tracheostomy, India 
mk, diluted with 3 parts of distilled water, was injected subpleurally through 
a 26-gauge needle, according to the technique of Simer.*'* The lower third 
of the respective lower lobe, the region that receives the vessels from the 
retroperitoneal sac in the embiyo, was injected carefully with particular atten¬ 
tion to the diaphragmatic and medial surfaces near the pulmonarv ligament. 
This area is difficult to inject because the pulmonar.y ligament must not be 
stretched or twisted during the injection. If it is, the vessels that course in 
its lower free edge may be blocked and thus not visualized; these vessels course 
to the abdomen. 

Ill successful injections, the pleural l.ymphatic network was filled in a 
short time and the ink flowed rapidly within the pleural collecting vessels. The 
liuig was then gently stroked to aid the flow of ink along the vessels. Usually 
only 1 c.c. of ink was injected as this gave adequate filling of lymphatics and 
larger amounts disrupted the substance of the lung. The ink-filled vessels 
that left the lung were traced with blunt and sharp dissection, loupe binoculars 
or a dissecting microscope being used. Whenever possible, the node into which 
the vessel drained was also injected. However, the small size of these nodes 
made this most difficult and was usually unsuccessful. The specimens were then 
preserved in 10 per cent formalin for further studj'-; sketches of the coiirse 
of the ink-filled vessels -were made. 

OBSERVATIONS 

The lymphatic vessels in the right lowmr lobe -were demonstrated in 15 
specimens and those in the left in 12 specimens. The criterion of success u 
injection Avas the filling of lymph vessels that emptied into tracheobronc ua 
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The general oouise of the vessels that lan on the posteiioi diaphragm is 
shown in Fig 4 These vessels weie dcmonstiated in 4 specimens, all fioin the 
light lower lobe As they coursed posterioily oi posterolateialh, then bianelies 
joined with those of the intrinsic diaphiagmatio Ijniphaties 

DISCUSSION 

Direct lyinpliatie eommnnieation belw ecn the lung and the uppei abdominal 
viscera and Ijmph nodes is eithei by wav of vessels that pass tluough tbo 
esophageal hiatus to the eeliae nodes or by confluence of lymph lessels fiom 
the lung with those of the posterior diaphiagm Although the lessels that pass 
tluough the esophageal hiatus may lia\e no direct communication with abdominal 
oigans othei than the stomach, those blending with the posterioi diaphiagm aic, 
tluough its lymphatics, in diieet continuity with the vessels of the livei, adienal 
gland, and hidnei befoie draining ultimatelj to the celiac and paia aoitie 
Ij mph nodes 

From both lowei lobes, the subpleuial collecting icssels that coiiise directly 
into the abdomen arise iiom oi just aboic the diaphngmatic suifaoe of the 
lung and run in the pulmonaiy ligament ncai its lowei fice edge Tiaieling 
medially, they loaeh the esophagus slightly aboic the hiatus Then paialleling 
the esophagus, they traieiso the hiatus antcrioi, posteiioi, oi lateial to the 
esophagus, eithei sepaiatcly oi as a single tiunk lesulting fioiu the union of 
the Ijmphaties tiom each lung Within the abdominal canty the vessels leave 
the esophagus to lun down the abdominal surface of eithei oius, fiequentl} 
skirting the adidials, and end in the nodes about the celiac avis and aoita 

The diaphragmatic nodes tieiiuentlv inteiposed in tlie coiiise of the vessel 
fiom the right lung, and occasionally tiom the left, lie neai the esophageal 
hiatus, to the left of the inferior vena cava These nodes, the infiapeiicaidial 
nodes, which weie described and named by Sledziovvski,'“ vary in mimbei 
(from 1 to 5) and size but ahvavs lie sandwiched between the peiicaidinm and 
the diaphiagm and thus aie not readily visualized As did Sledziewski, I 
found multiple effeients from these nodes Some ascend to tracheobionchial 
nodes, others pass backward to letroesophageal nodes from which thev mav 
empty' into the thoracic duct or to intra abdominal para aoitie nodes ” ^ Ofheis 
pass through the esophageal hiatus oi diaphi agm to end in nodes of the eardia 
or celiac axis and so caiij' pulmonary lymph to the abdomen 

Of great impoitance as a route of metastasis of pulmonaiy tumoi to ah 
dominal viseoia aie those pulmonaiy lymphatic vessels that blend with the in 
tiinsic lymphatic vessels of the diaphragm These vessels, wliieli reach the 
diaphragm through the pulmonaiy ligaments, and then pass posterioily oi 
posteiolaterally on the diaphiagm, were found only from the right lung, this 
confirms the observations of Sappey*’ and Cruilishank^ Then impoitance is 
that the Ivmphatic netwoik of the posterioi diaphiagm joins not only both 
diaphragmatic surfaces but some of the lymphatics draining the adjacent 
visceia—lungs, livei, adrenals, and kidneys—into a common inteieonnecting 
pool, winch drains eventually to nodes about the upper end of the abdominal 
aorta 
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to the esophagus and above the diaphragm. A single trunk coursed through 
tlie hiatus to tlie riglit of tlze esophagus and then ran down the abdominal surface 
of the right crus to end in 3 nodes about the celiac axis. 

Vessels that joined the diaphragmatic nodes were observed in 6 specimens 
of the right lower lobe and in one of the left lower lobe. These nodes and their 
connections are illustrated in Pig. 3. Because these nodes are often so small, 



Fig-. 3.—Diagramniatic representation of the infrapericardiac nodes and their connec¬ 
tions. These lie between tlie pericardium and diaphragm and receive lymph from the liver 
as well as the lungs. Their efferents are to abdominal peri-aortic nodes, nodes of the carclia 
and carinal nodes. Lymiih from tiie right lung drains to these nodes more often than does 
that of the left. 



Fig. 4.—Diagrammatic representation of the pulmonary lymphatic iT^mng only, 

posterior diaphragmatic lymphatic vessels. These were observed from Uie rigm 
The diaphragmatic vessels, in turn. Join those of the liver and adrenal betore e f j 
the para-aortic and celiac nodes. 


it was not always possible to trace their efferent connections. Howevei, t^io ^ 
demonstrated ascended to tracheobronchial nodes or coursed baclavai o ^ 
retroesophageal node or passed through the diaphragm to nodes about the ce 


axis. 
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Vessels from the right loner lobe that coursed to the celiac nodes without 
uiterruption were observed in 2 specimens They entered the abdomen by 
passing through the esophageal hiatus and then ran on either crus to the nodes 
about the celiae axis Other lymphatic vessels from the nght lower lobe, which 
ran in the pulmonarj ligament to the diaphragm, were demonstrated in 9 
specimens On reaching the diaphragm they either joined with the lymphatic 
lessels of the posterior diaphragm or ended in a pre esophageal diaphragmatic 
node Some of the efferents of this node group ended in nodes about the celiac 
axis 

From the left lower lobe, vessels that coursed to the abdomen were ob¬ 
served in 3 specimens They ran medially m the pulmonary ligament to the 
esophagus, entered the abdomen bv traversing the esophageal hiatus and ran on 
either crus to nodes about the celnc axis 

The communications of the Ijniiph vessels of the posterior diaphragm iiith 
those of the lungs, liver, adienals, Kidnejs, and abdominal lymph nodes have 
been briefly reviewed 

Prom these obsei rations the conclusion is diaivn that pulmonary lymph 
normally drains to the abdomen and that early, direct metastasis of pulmonary 
cancer to the abdomen, through the vessels demonstrated, may account for the 
frequency of intia abdominal metastases in pulmonary cancer 
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In describing the lymphatic drainage of the diaphragm, Roiiviere^^ em¬ 
phasized that its extensive snbpleural and subperitoneal Ijanph networks are 
intimately connected by penetrating vessels, which drain to the snbpleural 
collecting trunks. In the posterior half of the diaphragm, these pass through 
tlie diaphragm to end in nodes about the eardia, the upper part of the abdominal 
aorta and the origin of the inferior phrenic arteries. These nodes are the ones 
into which the uninterrupted channels from the Inng empty. 

In addition, Rouviere stressed that some of the lymphatic vessels of the 
liver and adipose capsule of the kidney and adrenal ascend to penetrate the 
diaphragm and join the subpleural collecting trunks wliile others join the col¬ 
lecting trunks of the diaphragm which course along the inferior phrenic artery. 
The continuity of these collecting trunks with the adrenal lymphatics is well 
illustrated in Higgins and lllills’’ physiologic study of absorption from the 
peritoneal ca^dty. 

The present study has demonstrated that the diaphragm is not a harrier 
to, but rather a junctional link between, the lymphatic vessels draining the 
thoracic and irpper abdominal viscera and that, in tlie absence of adhesions be¬ 
tween parietal and diaphragmatic pleura, there are routes through which pul¬ 
monary Ijunph drams to abdominal nodes. 

The role of this functional continuity in the metastatic pattern of cancer 
of the lung is readily apparent. Since the celiac and para-aortic lymph nodes 
are the first echelon of nodes of pulmonary lymph drainage, a tumor of the 
lung can spread to the abdominal lymph nodes as readily as to mediastinal 
nodes—and this spread may not be evident at thoracotomy. Through the 
blending of lymph from the lungs, liver, adrenals, and kidneys in the posterior 
diaphragm, neoplastic cells within the diaphragmatic lympliatic vessels can 
spread directly to these organs. Metastatic tumor from the lungs, growing in 
celiac or para-aortic lymph nodes, can pass within the afferent vessels of these 
nodes to any of the upper abdominal organs (the reverse ma}^ also occur)- 
Lymph-borne abdominal metastasis in cancer of the lung maj" occur early and 
must be suspected in every patient with cancer of tlie lower lobes of the lung. 

SUMMARY 

The lymphatic drainage of the loAver lobes of the lung was studied to 
determine if any lymphatic vessels from the Inng course directly to the upper 
part of the abdomen. Twenty-three stillborns and neonates were preserved by 
refrigeration until used, when they were warmed and the lungs were inflated. 
India ink, diluted 1:3 with distilled Avater, was injected subpleurally into the 
mediastinal and diaphragmatic surfaces of the lobes and the ink-filled vessels 
were traced to their terminations. The anatomic relationships of the puhnonai) 
ligament Avere carefully maintained during injection. 

Eighteen specimens Avere successfully injected. The lymphatic vessels 
of the right loAver lobe Avere demonstrated in 15 of these and of the left loAve: 
lobe in 12. 



Volume 35 
N imber 6 


AORTIC RIGHT VENTBTCHL VR FISTULA 


735 


distress In the third interspace, about 5 cm from the midhne, there uere two small Hccii 
tions A small amount of subcutaneous emphjsema was present over the left upper chest 
A harsh, Grade 4 to 5, continuous murmur was heard throughout the entire prccordial area 
but most loudlj iii tlie second left anterior interspace, approximatelj 1 to 2 cm to tlie left 
of the niidsternal lino A continuous thrill was palpated m the same aica The licmoglobm 
determination and erythrocyte count were normal and there was a slight leukocytosis 
Urinalysis showed a reducing substance to be present in the urine, however, a glucose toler 
ance test done later was within normal limits Cardiac fluoroscopy revealed a slight increase 
in the size of the pulmonary conus and a questionable enlargement of the left ventricle The 
pulmonary arteries were prominent, but the peripheral lung fields were fairly clear \n 
irregular, opaque foreign, body, measuring 1 cm in greatest diameter, was present in the 
left anterior mediastinum (Fig 1) On lateral new, the foreign body was seen yiist beneath 
the sternum 



Fig 1 —Roentgenograms taken at tlie first admission 


During the 4 days after admission, the patient's rapid puliso rate gradually slowed 
to an average of So per minute The blood prc«uio stabilized at iboiit lOO/oO to lOO/CO 
nini Hg The low grade fever present on admission also subsided The patient s dyspnea 
disappeared Our initial impression was tliat the continuous murmur re^iulted from the 
injury to the chest Later, however, wt arrived at the erroneous conclusion that the x>ationt 
more likely liad a congenital patent ductus arteriosus, and that the injury was unrelated 
The site of injury healed and the patient was discharged 

He was readmitted on December 4 The blood pressure was 95/50 nim Hg and the 
puLc was 92 per minute The same curdiae findings were present On consultation the 
pediatric cardiologist still felt that the patient had a typical patent ductus arteriosus 
Therefore, on December 6, the patient’s left thorax was evplorod A patent ductus was not 
present The continuous thrill could be palpated through the porieardmni aiitonorh m 
the region of the base of the pulmonary artery or right ventricular outflow tract Tii this 
area there was dense scar tissue and adhesions of the pericardium to the anterior chest wall 
Since it seemed likely that open cardiotomy with bypass of the heart and lungs would be 
necessary to cure tlie lesion, the pericardium was not opened at this time and tlio chest was 
closed The patient's postoperative course was good and he was dihcharged from the 
hospital 


SURGICAL REPAIR OF A TRAUMATIC AORTIC-RIGHT VENTRICULAR 

FISTULA 

Harold Kixg, M.D., axd Harris B. Shumacker, Jr., M.D. 
IXDIAXAPOLIS, IXD. 

A ORTIC-RIGHT venti’ictilar fistula is a rare cardiac lesion. Sawyers and 
his associates^ recently reviewed the literature since 1840, and found only 
19 cases. Since that report, a few instances in which surgical closure was at¬ 
tempted or carried out have been reported.-* ■* 

Aortic-right ventricular fistulas usually occur following rupture of an 
aneurysm of the right coronary sinus into the ventricular chamber. Aneurysms 
of the sinus of Valsalva are most frequently of congenital origin, although some 
have occurred following syphilitic or bacterial infection. In the absence of 
endarteritis, no symptoms occur until the aneuiysm ruptures. At that time, 
thei'e is usually chest pain and difficulty in breathing.^* ® Often, a whirring 
sensation is felt in the preeordial region. Over the next few days the symptoms 
generally decrease in their intensity. The patient then enters a temporary, 
relatively symptomless, phase. The average life expectancy following develop¬ 
ment of a fistula, however, is usually about one year. Death most frequently 
occurs following congestive heart failure. In a few eases, bacterial endocarditis 
develops and death ensues from an overwhelming bacteremia. In the average 
case, death occurs in the third decade of life. 

Trauma must be a most unusual cause of aortic-right ventricular fistula. 
Interventricular septal defects and aortic-pulmonary fistulas have occurred in¬ 
frequently following cardiac trauma. Gerbode' reported a case of traumatic 
aortico-atrial fistula cau-sed by a bullet. We have been unable to find the record 
of any case of traumatic aortic-right ventricular fistula. 

This report is concerned with an aortic-right ventricular fistula which 
occurred following a gunshot wound of the chest. The eventual clinical diag¬ 
nosis was confirmed by cardiac catheterization, cineradiography, and explora¬ 
tion of the right ventricle at the time of surgical repair. 


CASE REPORT 


The patient was a lo-year-old white hoy who was first admitted to the Indiana Urn 
versitj’ Medical Center on Sept. 23, 1956. On the morning of admission, the patient nas 
hammering a blank 30-30 cartridge when it exploded and struck liim in the chest. He 
severely dyspneic on an'ival at his local hospital. A loud cardiac murmur was heard. e 
was transferred to the Medical Center 10 hours after injurj*. At tliat time, his pulse was 
140 and regular, respirations 22, and temperature 100.8°. The blood pressure was recur c 
as 120/0 mm. Hg on one occasion and 120/30 on another. After the first 4 hours of os 
pitalization, the diastolic pressure gradually increased and the blood pressure ranged rom 
110/40 to 118/60 mm. Hg. Tlie pulse remained at 140 to 150 per minute. He was in acu e 
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the coronary arterie'’ After cardnc standstill tvas ajiieved, tlie right ventricle unb opened 
through a vertical ineision made do\vn\vard from, the base of the pulmonarj arterj The 
fistula uas easily seen (Fig 2) It measured about one centimeter m diameter A narrow 
fibrous band lined the edge of the defect A Kellj clamp ^^as easily pas'sed through this 
opening and emerged within the aorta in the region of the right coronary sinus of Valsaha 
The defect uas closed iMtli a running suture of 5 0 silk and reinforced i\ith 2 interrupted 
5 0 silk sutures The right ventriculotomy ^\as then closed 4.fter the clamp was remo\ed 
from the aorta, ventricular fibnllation began and four electric shocks were necc'5'iary to con 
^c^t the heart action to a normal rhythm A blood pressure of 120/90 to lSO/90 mm Hg 
was obtained almost immediately The pulse was 100 per minute After the cannulas weie 
removed, a largo part of the scarred anterior pericardium was evci'^ed 



FIs' 3—Roentgenogram of chest taken a few weeks after operatiie repair 

The patient’s immediate postoperative course was good The blood pressure ranged 
from 130/80 to 120/80 mm Hg with a pulse rate of 120 per minute Two days after opera 
tioii, he had a generalized convulsion involving all extremities and was mentally confused 
The scrum sodium was found to be 123 m£q with a blood pH of 7 64 The electrolyte 
abnormalities weio corrected over the next 2 days and, on March 17, he was coherent and 
rational He was discharged from the hospital 15 days after operation m good condition 

The patient gained 13 pounds in the first 8 weeks after operation His exercise toler 
ance greatly increased Seven months after operation, the blood pressure varied from 
118/70 to 105/68 mm Hg with a pulse rate around 85 The cardiac sounds were good 
and no thrill or murmurs were present A roentgenogram of the chest showed the heart 
to bo normal in. size and configuration (Fig 3) Fluoroscopy of the patient's body re%caled 
a thm metallic fragment, mea-^uiing about 1 by 1 5 cm m size, locvted about 3 cm to tlio 
left of the first «acral vertebral body (Pig 4) This fragment undoubtedly created the 
cardiac fistula and then pa'tsed into the aortic stream as an embolus to lodge in the^left 
common iliac, external iliac, or hypogastric artery The arterial pulsations in the 1 fc 
were excellent It is planned to ronioio the luctalbc fragment in the near future 


736 


KING AND SHUMACKER 


J. Thoracic Sure. 
June. 1958 

WJiile liome, lie did not do well. He had frequent attacks of pulmonary congestion. 
Some were thought to be upper respiratory infections but otlieis were clearly due to cardiac 
failure. Because his physical condition seemed to be gradually deteiiorating, he was read¬ 
mitted on March 9, 1957. Physical examination was the same as before. The blood pressure 
varied between 114/50 and 110/60 mm. Hg. The pulse was 90 per minute. On cardiac 
catheterization, oxygen saturation of the blood increased fiom 79 in the atrium to 95 per 
cent in the region of the right ventricular outflow tract. Tlie pulmonary aiteiy and ritrht 
ventricular pressures were not increased, both being around 26 mm. of mercury. Cineradiog¬ 
raphy demonstiated dilution of the opaque media in the outflow tract of the right ventricle 
and this presumably was due to a left-to-right shunt at this point. The fistulous tract 
itself uas not seen. These data demonstiated a Icft-to-right shunt into the right ventricle. 



Fig. 2.-—Drawing sliowing the fistulous tract as observed through the right 
incision. A large clamp has been placed through the tract into the aorta. At operation, i 
cardiac landmarks were obscured by the overlying pericarditis. 

They did not permit a clear difl'erentiation between a ventricular septal defect and an aoitic 
light ventricular fistula. Taking everything into consideration, ive reached the conclusion 
that the best tentative diagnosis was a fistulous tract between the right sinus of Valsalva and 
the right ventricular outflow tract. 

On March 13, a bilateral anterior thoracotomy was carried out in the fourth inter 
space. The sternum was split transversely. Before operative repair, the blood pressure 
ranged from 130/60 to 140/70 mm. Ilg. The pulse rate was SO per minute. Thcie vcie 
numerous adhesions between the anterior chest wall and the pericardium. The peiicardiuni 
was adherent to the heart and great difficulty was encountered in dissecting it free. 
after this was accomplished, it was impossible to recognize superficial cardiac lam raar v 
such as the coronary arteries. Only the general outline of the right ventricle could e o 
fined. The point of maximum thrill was located about one inch below the base of tlje aor a 
over the right ventricular outflow tract. Here, recent scar tissue, about 0.5 cm. in diain 
protruded from the ventricular wall. The venae cavae and the left femoral 
cannulated and cardio pulmonary bypass was begun at the rate of 35 c.c. per kilo per mm 
Twenty-five per cent potassium citrate solution dissolved in blood in a ratio of 2 c.c. o^^^^ 
c.c. was injected into the base of the aorta after it was clamped. Over 100 c.c. of t us 
were required to arrest the heart. In retrospect, a substantial amount of t ic 
citrate probably went through the fistulous tract into the right ventricle instea o 
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aiieiirjsra of tlio sinus of Valsalva into the right heait In most eases, if the 
patient suiviies tlie initial insult, theie is a peiiod of a few iieeks to a fev 
months duiing which he tcmains in relatively good health It is diiiiiig this 
time that siiigieal theiapy can best be earned out Latei, the patient tends to 
become piogiessiiel^ nioio disabled and the risk of opeiatioii undoubtedlj' in 
eioases If siirgeii is defciied until aftei bacteiial endocaiditis has become well 
established, the iisk mil be even gieatei 

The suigieal tcehuique ioi closuie of these defects is not vet iiell established 
Oiii patient, tieated bv siitiue closuie of the light lentriculai poitioii of the 
fistula, has done iiell Otheis liaie reported success mth the same technique 
Ill dealing mth a coionai^ sinus light atiial fistula, Bahei, Hanson, and JIoiiow® 
plugged the fistulous tiact mth molded Iialoii sponge Thci feel that this 
technique mil moie cffoctiich pieicnt leciuicnce of the lesion bv at least pai 
tially obliterating the aiieiirism Vcntiiculai sutuie of the defect lias given 
good lesults Ill 0111 case and in sovcial otheis Although it Mould have been 
easy to liaie insetted a piece of Iialoii sponge into the fistulous tiact in oiii pa 
tieiit, we decided agiinst this inancitvei siiiec we could not definitelj lule out 
iiivohement of the piosimal poition ot the right coioiiaiv aiteri and did not 
wish to risk occluding it 

SUMU VBY 

No case of aoitio light \ciitiiculai fistula of tiaiimatic oiigin has been 
found in the liteiaturo A case lepoit is pieseiited in which a I"! icai old boi 
sustaiiiid a gunshot wound of the chest icsultiiig in pcnetiation of the light 
leiitiicle bi a metallic hodi which passed into the aoita, piodiicmg a fistulous 
communication between the two All the signs of a patent ductus doi eloped 
including those of esidiae failuie At opciatioii, using a caidiac bipass, tlm 
light ventricle was incised and the opening closed with complete iccoiciv 

^\ c \M<5h to express our ipprtcintion to Pr Paul Luno \\lio perforniPtl the catheteii/i 
tion studies and to Dr Eleanor Clay who referred the patient for treatment Wo arc 
icr} grateful to Dr Eniilo Holman who suggested the po’?aihiIity of i 'tecond ni'^tallic fonign 
body which had caused the cardiac injurj and p i«»^ed into the dititil arterial circulation 
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DISCUSSION 

The aortic-right ventricular fistula, in this case, was secondary to the per¬ 
forating ivound of the left anterior chest. Until the metallic embolus was dis¬ 
covered by fluoroscopy and x-ray study, the mechanisnr of the injury was 
puzzling. It now seems clear that the fragment penetrated the right ventricular 
wall at the point where the superficial scar tissue was evident on exploration 
and then passed through the underlying ventricular septum directly into the 
aorta and from there distally into the iliac arterial bed. Whether it entered 
the aorta through the main right coronary artery or through the wall of the 
right coronary sinus of Valsalva remains a question, though in view of the 
relatively large .size of the foreign body and of the fistulous tract the latter seems 
much more plausible. A clamp could be passed easily through the fistula into 
the aortic sinus. It was concluded that it probablj' connected the sinus and the 
ventricular chamber directly. 



Fig-. 4.—Roentgenograms of the pehis show an embolic metallic fragment located to the left 

of the first social \eitebia 


The course of the patient’s blood i)re.ssure is of interest. Shortly aftei 
injuiy the pulse pressure varied from 90 to 120 mm. Ilg. This gradually de¬ 
creased but remained greater than normal. During anesthesia and liefore opeia- 
tive repair, the pulse pressure was 70 mm. Hg. Immediately after operative 
repair, the diastolic pressure increased and the pulse pressure fell to from 
to 40 mm. Hg. Since recovery from operation, pulse and blood pressure ha^e 
been normal. Altogether his pulse and blood pressure changes are those wine i 
might be expected from anj' vascular fistula between a high and a relatively oi\ 
pressure area. 

Any aortic-right ventricular fistula, regardless of etiology, would 
produce the same clinical picture as that described following rupture o an 
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with a pressure-measuring apparatus (Elcctromanomcter, Elema) coupled to 
a direct-recording, 2-lead elcctrocardiogiMui apparatus (Jlingograph 23, Elema). 
lYlioii the operative wound has been closed, the catlietor is removed, generally 
about 6 hours after its introduction into the heart. 

Postoperative examination, including cardiac catheterization, is carried out 
not earlier than one month after the operation. 

The peripheral blood pressure is measured bloodle.ssly with a sphygmo- 
graphic cuff coupled to a mechanical manometer. 

The pulse rate is calculated from the BCG-curves. 



1 pressure in » pulmonaUs 

X peripheral blood pressure 

- heart rate 


Fig. 1 . 

JfATERLVL 

The pressure measurements have been carried out in this way during the 
operation for 5 valvular pulmonary stenoses, 1 atj^iical patent duetns arteriosus, 
and 1 case of coarctation of the aorta. The recordings from 2 patients witli 
pulmonary stenosis were toelmically unsatisfactory; the pressure values in the 
other cases are represented graphically in Pigs. 1-5. 

Fig. 1 shows the recordings of pressure changes in the riglit ventricle in 
connection ndtli vahmlotomy performed on an 11-year-oId hoy witli valvular 





INTRACARDIAC PRESSURE MEASUREMENT DURING OPERATION 
FOR CONGENITAL HEART DISEASE 

V-VL,UE OF THE jMeTHOD FOR ASSESSING THE EffECT OF THE OPERATION 

AKE Lundberg, M.D., Stockholai, Sweden 

INTRODUCTION 

D uring the year 1954 an iuci-easing number of patients with valvular 
pulmonary stenosis without aortic overriding were operated upon at the 
surgical department of our hospital. The operation was performed trans- 
ventricularly, according to Brock,^ so that tlie valvulotomy took place without 
direct control of the eye. In these circumstances, the idea of being able, at 
least indirectly, to observe the re.sult of the splitting of the valve in the course 
of the oiieration seemed attractive.^ 

With this end in view, attempts had been made in various quarters to get 
some idea of the reduction in pressure in the right ventricle in the course of 
operation. This was done with isolated pressure recordings, either via a punc¬ 
ture needle through the wall of the right ventricle, or with the help of a catheter 
introduced into the right ventricle through the operator’s incision in the heart 
wall. 

Pressure measurements via a catheter introduced into the heart before the 
operation seemed to me more advisable from several points of view. 

1. The pressure values could then be obtained at any time—immediately 
before, during, or immediately^ after the opeintion, and not only during the 
phase in which the heart ivas directly accessible for the surgeon’s manipulations. 

2. Further damage to the ventricular wall through the puncture could thus 
be avoided. 

3. The operator and his assistants need not be disturbed by^ interference 
in the pressure-measurement procedure. 

4. It would be of great interest to obtain, during certain stages of the 
operation such as the valvulotomy’-, continuous pressure recordings from the right 
ventricle. 

METHOD 

Before the operation, while the patient is still conscious and has been given 
only the usual premedication (morphine scopolamine), a catheter (Cournana 
No. 7 or 8) is introduced via the cubital vein or vena saphena magna and dis¬ 
posed with the point in the desired position, as a rule the right ventricle. The 
child is then transferred to the operating theater, wdiere the catheter is eonneete 

From the Department of Medicine and the Department of Surgery, Kronprinseisan 
Lovisas Barnsjukhus, Karolinska Institutet, Stockholm, Sweden. 

Received for publication Nov. 19. 1957. 


740 



Volume 35 
Number 6 


INTEACABDLVC peessuhe 


measueement 


743 


I 


Pie 3 




Fie 1 




POST OPERATIVE EXAMINATION 




742 


LTJNDBEEG 


J. Thoracic Sure, 
June. 1958 


pulmonic stenosis coinlnned witli a sliglit defect in the auricular septum. Even 
before the start of the valvulotomy, the pressure sank from 110 to 80 mm. Hg 
after the inception of narcosis. During the splitting of the valve, the pres* 
sure dropped somewhat further, to show vaiying values as the patient began 
to regain consciousness. 

The postoperative examination one month later shows, in the waking state 
a pressure lower than the lowest pressure measured in the course of the opera¬ 
tion. 



(An isolated pressure from the pulmonary artery is marked in tlie ligui'e- 
This pressure was oljtained via a catheter introduced by the operator into tlie 
pulmonary artery via the incision in the ventricular wall.) 

Pig. 2 shows variations in pressure in the right ventricle in a 12-year-old 
girl operated upon for valvular pulmonic stenosis, ad niodum Brock. The 
pressure values here show lower values before the valvulotomy than aftei the 
operation. As in Fig. 1, the pressure obtained on postoperative examination 
in the waking state is lower than any pressure recorded during the operation. 

Pig. 3 illustrates the variations in pressure in the pulmonary artery dining 
valvulotomy performed on a 4-year-old boy. A slight defect in the septum of t le 
ventricle had been diagnosed preoperatively; after the splitting of the va ve 
it was decided that the defect in the ventricular septum must be of eonsidem e 
size, so that the effect of the valvulotomy was not favorable. During tlie na 





Volume 3S DITKACAEDrAC PBESSUBB MEASUREMENT 745 

Number 6 

hour after the clamping, but rose again to show on postoperative examination 
3 months latei that there is still a certain hypertension in the pulmonary cir¬ 
culation 

(For technical reasons, intiacardiae pressure reeoidings iieie not made 
during the period 16 05 16 40 [see Pig 4] ) 

In Pigs 11, the right ventricle or the light ventricle and the piilmonaii 
aitery show a hypertension By way of eompaiison, pressuie lecordings dm 
ing operation were made from a pnlmonarj' artery in iihich the pressures were 
not so high This is shown in Pig 5 The patient was a 13 year old boy with 
coarctation of tlie aorta at the typical point below the branching off of the left 
subclavian aitery 

The variations in jiressuie in the pulmonary ciieulation uero moderate, a 
leduetion was noted during the naicosis, a rise during the manipulations of 
heart and vessels, although not to the same extent as the changes in the peiipheral 
piessuie during the clamping of the aorta 

(As palpation of the radial pulse was applied in this case, it has only been 
possible to give the systolic value of the peripheral blood pressuie ) 

DISCUSSION 

AVhat gave rise to this investigation was the possibility of being able, by 
means of a continuous recoiding of pressures during valvulotomy, to read the 
effect of the operation more pieeisely than has been possible through isolated 
piessure measurements via puiictuies of the right ventiicle wall 

The investigations presented here show that if, in these eases, isolated 
piessuie measuiements had been lecoidcd, representative values would not have 
been obtained during the actual operation Altogethei, the method of isolated 
pressuie measmemeut—even under relativclv standardized conditions—must 
be regarded as a rather unsatisfactory' miiror of the mtraeaidiao hemodynamic 
state “ 

By eompaiing the piessuies recorded dining opeiation with those leeoided 
at a postoperative examination uc have, moreover, hceii able to show that, in 
eases of pulmonary stenosis, the effect of the r alviilotomy' can only be judged 
at a contiol examination performed a considerable time aftei the operation 
Tins has been pointed out by several writers,'- ® “ but is at variance uith what 
has been adduced in othoi quaitcrs'^ Noi are the piessuie values fiom the 
pulmonary circulation (light ventricle) immediately after the closure of a 
large potent duetiis (Pig 4) valid at a postoperatii e examination 3 months 
later 

In operations of aortic stenosis. Brock' has for diagnostic pm poses found 
withdiawal euiies fiom the aoita during actual operation leiy useful Isolated 
simultaneous pressuies fioin the aoita and left lentriele immediately' before 
and after valvulotomy' aic considered by Block' and Bakst and Ins associates' to 
give a reliable notion of tlie lesiilt of the opciatioii, although Brock makes the 
lescrvation that pressures during operation cannot he comnared mtli tlm-jo 
fiom a later occasion 
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stage of the operation, the catheter was withdrawn to the right ventricle, so 
that values from this chamber were obtained during a short period. The record¬ 
ings from the postoperative examination show diverging values as compared 
with those from the operation itself. 



Fig. 4 shows the pressure values from the pulmonaiy artery and the rig 
venti'icle during an operation performed on a 14-year-old boy with an atypic 
patent ductus. When the ductus had been clamped, the catheter was diav 
down from the right lateral branch of the pulmonary artery to the iia 
ventricle. The pressure I'ose during the dissection and the manipulation < 
heart and vessels, fell after the clamping, appeared almost normalized a on oi 








PRESSURE PLOW RELATIONSHIPS OP THE SIGMAMOTOR PUJIP AS 
USED IN CARDIAC BYPASS 

Seiichi Shimomdr V., M D ,* Eric Andre ve, 31 D ,** A L Looms Beco, Jr , 
31 D, vND Hugh P Pitzpvtrick, 31 D 
New Y'ork, N Y 

T he development and clinical application of open lieait surgeij utilizing 
extiacorpoieal circulation has led to wide use of the Sigmamotoif finger type 
pump ^ As an occlusive tvpc pump, it is designed to provide a constant out¬ 
put despite changes in the resistance against which it is pumping It has been 
assumed, then, that the pump output dniiiig cardiac bjpass when the mean 
sjstomie piessnrc may be as high as 175 mm Hg will be the same as the pie 
deteimined flow during cnlibiation against zeio picssuie" In oiu eaily e\ 
peiienee with this pump in the laboiatoiv, it was found that the actual output 
duiing cardiac bjpass was less than the previously ealibiated flow, lesulting in 
excessive dog moitaliti Subsequent studies icvealod a shaip diop in pump 
output with ineroasod pressure unless extiome caie was taken to obtain an 
optimum occlusive setting of the picssure plate The piessuioflow eliaiaotei 
istics of this pump w ith and w itliout the optimum occlusive setting and a method 
foi obtaining the optimum occlusive setting constitute the subject of this leport 

JIETHODS 

A Sigmamotor 3Iodel T 6S cross ciicnlation pump of a eapaeitj of 4,500 
c c pel minute was used The caiibiatioiis weie peiformcd using a 20 cm long, 
% inch I D gum ruhhei tube in the pump head, which was connected distallj 
to a %G 'ncli I D plastic tube of 80 cm m length and pioximallj to a similar 
plastic tube which included a 3Ioiicl metal filtei t 

The level of the perfusing solution in the reservoir was maintained at ap 
proximately the same height as the pump head A cathetei was attached to 
the end of the distal limb by a tapeied plastic adaptoi The cathetei vaiied in 
size according to the anticipated calibet of the artoij to be eannulatcd Foi 
these expeiiments the size was a No 12 oi No 14 Pi The occlusive setting of 
the pump was determined hi elevating the distal plastic tube 2 or inoie feet 
above the pump head and adjusting the pressuie phte to that position which 

From the Cardiopulnionarj Laboratory Department of Aledicine and the Sur/ffcal Re 
search Laboratorj Surgical Service St Lukes Hospital N'eu loik 'I 

This work was ‘lupported in part b> grants from tlie Jsew York Jlcart Vssociation The 
Hartford Foundation and the Alfred P Sloan Foundation 
Received for publication Nov 20 19j7 
•Vincent Younian Memorial Research Fellow in Medicine 
••Nathan Hoflielmer Research Fellow in Medicine 
tSigmaniotor Inc Mid lleport N Y 

JIvindlj supplied bj \bbott LiboMlorle*t 'North Clucigo 111 

747 



746 


LUNDBERG 


J. Thoracic Sure. 
June, 1958 


SUMMARY 

Intracardiac pressure measurement, with the help of a catheter introduced 
into the heart before the beginning of the operation, is described in 3 cases 
of vahmlar pulmonary stenosis, 1 case of atypical patent ductus arteriosus, 
and 1 case of coarctation of the aorta. Continuous pressure recording has 
in this way been rendered possible during actual valvulotomy of the pulmonary 
valves, dui’ing clamping of a wide ductus, and in connection with clamping of 
the aorta during operation for coarctation of the aorta. 

The advantage of this examination method as compared with the isolated 
pressure recordings via punctures of the heart cavity and vessels is pointed out. 

The effect of valvulotomy in eases of pulmonary stenosis can only be 
assessed through preoperative and postoijerative pressure measurements in the 
right ventricle, which is illustrated by comparing values from the actual opera¬ 
tion with those obtained on postoperative examination, at least one month 
later. 
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FJff 2 —Flow With Varieil Setting The effect of peripheral pressure on pump output 
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screws 
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prevented regurgitation of the fluid through a complete cycle of the pump. 
When this position of the pressure plate had been determined by the maneuver 
described, each pressure plate screw was loosened by 14 turn, and this setting was 
taken to be the optimum occlusive setting. 

RESULTS 

The effect of pressure on the output of the pump with a deliberately non¬ 
occlusive setting of the pressure plate for flows of from 360 c.c. per minute to 
980 c.c. per minute is shown in Fig. 1. It is apparent that with an average 
mean systemic blood pressure of 100 mm. Hg, reductions of 60 per cent from 
the calibrated flow against zero pressure can occur. 

cc/ 

•^MIN 

1000 J 



PRESSURE 

Fig. 1.—Nonocclu.sive Setting. The effect of pressure on pump output with a deliberately non 

occlusive setting (see text for discussion.) 

The effect of pressure on flow Avith varying degrees of nonocelusiveness as 
quantitated by sercAV turns from the optimum plate setting is shown in Fig. 
2. These data indicate that minor degrees of deviation from the optimum 
occlusive setting can have a significant effect on pump output and that t ns 
effect is magnified by increasing pressure. With optimum occlusive setting 
of the pressure plate there is a negligible effect of inci’easiiig piessure up 
240 mm. Hg on floiv as is demonstrated in Fig. 3. 

DISCUSSION 

The Sigmamotor pump, designed to operate as an occlusive ^ 

relied upon to maintain the predetermined output against increasing l 



RESISTANCE TO CATHETER PUNCTURE OP VARIOUS 
CARDIOVASCUEAR STRUCTURES 
lIvBiv Z Gnwo, MD,* ijMd Pint, R Lurie, SID 
Ii^DEiMPOus, Ind 

T here aie vcn few iintoiiard incidents oi fatal lesults lelated to caidiao 
eatheteiizition despite its Midc use in the investigation of heart disease 
In paitieulai, punctuie of eardiae eliambeis oi iiitiathoiacic vessels has laiely 
been lepoitod' Some canine physiologic studies were being made m this 
laboiatoiy nliieli involved tlic iiiseition of a eathetei through a bnchiocephalic 
artery In a senes of II dogs, 3 suddeiih dtieloped shock and cvcntnallj died 
Viewed fliioroseopically, the eathetei appeared to be fiec within the chest cavity 
Thoracocentesis i\as perfoimed, and pine blood uas obtained Autopsy in each 
instance showed a mimitc piinetinc at the origin of one of the bianehiocephahc 
aiteiies from the aortic aich These incidents aiouscd intcicst as to how much 
stiess Mould puncture the gieat vessels of the eaidioi ascular system Haddv and 
his eoMorkers" found a 10 pei cent mortality in left hcait eatheteiization m 
dogs, which inoludod shearing of the liiacluoeephalie aitcu from the aoita, 
and pcrfoiation of the aorta and of the left \cntiiele, while none occurred with 
light heart catheterization Several studies have been made on the tensile 
strength of stiips oi ojlmdiic segments of blood vessels,’ ” but none on la 
sistanee to impact stress on a shaiply localized aiea of i vessel as might he made 
by the thiust of a oaidiac eathetei A simple method of earning out such a 
study was theiofoie devised 


VI VTEBl \LS 

A Lucite platfoim was constructed (,:l) m Pig 1, with a 4 mm hole in 
the top plate Anothei piece of Lncitc (R) with a coiiespondiug hole was 
placed ovei the platfoim, and ovei tins hole was .attached a piece of glass tubing 
(C), 2 cm long and of 05 cm mtciiial diamctei Clamps (D) vveie provided 
to peimit eompiession between the plates Pieces (R) about 4 cm long weic 
cut off fiom the tips of Nos 5 and 8 Goodalc Liibiii catbcteis A piece of iigid 
stainless steel who (P), coricsponding to the intciiial diameter of each eathetei 
tip, was attached to a small thin piece of balsa wood (G) This could then 
be threaded throngli the coiiesponding catheter segment to piovide rigiditv 
The wire length was adpistcd so that the tip fell about 1 mm shoit of the tip 
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only if the optimum occlusive setting of the pressure plate is verified prior to 
each use of the pump, hlinor deviations from this optimum setting can result 
in significant reduction in flow when pumping against systemic pressure. In a 
study of the physiologic responses during cardiac bypass, mean perfusion pres¬ 
sures of 34 to 175 mm. Hg were reported from this laboratory.^*- It is apparent, 
then, that during cardiac bypass when systemic pressures of this magnitude are 
encountered, the pump output may be reduced 5 to 60 per cent from the 
previously calibrated output against zero pressure if care is not taken in ob¬ 
taining the correct pump setting. Such reductions in pump output may con¬ 
tribute to the acidosis, hypoxia, and death due to low flow, when it is thought 
that adequate flow is being utilized. 


SUMaiARY 

The pressure-flow characteristics of the Sigmamotor pump with and with¬ 
out optimum occlusive setting of the pressure plates are presented. The neces¬ 
sity for obtaining the optimum occlusive setting to assure the predetermined 
output of the pump during cardiac bypass is emphasized. A method for verify¬ 
ing the optimum occlusive setting of the pressure plate is described. 

ADDENDUJI 

Sigmamotor, Iiic., lias recently developed and made available a new pump head with 
vernier knob adjustment of the pressure plate. Thus, the need for individual adjustiUMt 
of the pressure jilate screws is eliminated. However, the necessity for optimum occlusive 
setting of the pressure plate remains of utmost importance. 
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platform, and the 2 plates were clamped together to hold the tissue in place 
{K in Fig. 1), without placing it on stretch. The catheter tip assembly was 
placed through glass tube (C) with its end supported by the tissue. The glass 
tube (H) was placed on the balsa plate of the catheter tip and allowed to rest 
freely. Lead weights were carefully dropped into the tube from a fixed point at 
the top, starting with the 5 Gm. weight, and pi'ogressing to the next higher 
weight until the tissue was punctured. Bach weight was removed from the 
tube before dropping the next one. The piece of glass tubing attached to the 
upper piece of Lucite supported the catheter tip so that it did not bend when 
a weight was dropped. The vessel was therefore subjected to a fixed static load 
of the combined weights of the glass tube and catheter set-up resting on the 
tissue (approximately 80 Gm.), plus the impact load of the graduated weights 
dropped through a fixed distance. Pilot experiments showed that additional 
static loading of approximately 1,600 Gm. or 20 times the static loads applied 
in the apparatus were necessary to produce rupture of these vessels held in this 
manner. Thus, the static loads u.sed in the c.xperiment were of minor significance 
in comparison to the impact load.s. With distance held constant, the weights 
necessary to produce rupture on impact should constitute reliable indices of 
relative resistance to puncture. 

The superior vena cava, main pulmonary artery, and aortic arch from 
one dog were tested. Determinations were also made at the origin of the 
brachiocephalic arteries from the aortic arch from this dog, as well as from 
3 other dogs. All tissues were kept wet with normal saline solution through¬ 
out the experiment. 

RESULTS 

The results of 30 determinations on each great vessel of 1 dog, and also 
on a number of points along the aortic arches of 3 other dogs are shown in 
Tables I, II, and III. 

DISCUSSION 

Very few animals were used, for it was not the purpose to establish abso¬ 
lute values in dogs, but rather to compare tissue strength. Furthermore, it was 
expected that the possible effects on tissue structure of factors such as age, 
size, diet, and habits of the animal would exert the same influence on each 
determination of tissue strength. The significance of mean differences in punc¬ 
turing weights of the different vessels were tested for by computing t ratios.” 

As indicated in Table I, the difference in strength of the superior vena 
cava and the aorta was small. Nevertheless, the difference was sufficient to 
have occurred only 5 to 10 per cent of the time on the basis of chance. The 
results, then, suggest a possibility that the resistance to puncture of the superior 
vena cava is slightly greater than that of the aorta. The aorta and the superior 
vena cava were over 1.5 time.s as strong as the main pulmonary artery, a dif¬ 
ference shoum at a veiy high level of significance. It took a greater amount 
of weight to puncture the aortic arch with a No. S catheter than with a No. 5 
catheter as might be expected with the force being resisted by a larger area of 
vessel in the ease of the No. 8 catheter. There was a significant weakness at 
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4. More stress was needed to puncture the aortic arch with a No. 8 catheter 
than with a No. 5 eathetei-. 

We gratefully acknowledge the expert statistical advice of Dr. Ralph Reitan, Associate 
Professor of Psychology, Indiana University School of Medicine. 
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the points where the brachiocephalic arteries originated from the'Aortic arch, 
especially at the proximal curve (Tables II and III). Pathologic changes have 
been found to occur more where the branches leave the aorta.^- Since the most 
rapid flow occurs along the shortest course at a ramification, the proximal angle 
of a branching is exposed to more mechanical trauma than the distal angle. 
In this study the proximal curve of the right brachiocephalic artery as it came 
off the aortic arch was compared with the area between the two brachiocephalic 
arteries. The distal curve of the left brachiocephalic artery was not evaluated 
for comparative study because of the fewer determinations made at this point. 


Table I* 



SUPERIOR VEKA 

JtAIN PULMONARY 


AORTIC ARCH 


CAVA 

ARTERY 

AORTIC ARCH 

(NO. 8 CATHETER) 


Mean 

S.D. 

Range 

N 

17.66 

2.22 

15-20 

30 

10.50 16.33 

1.35 2.28 

10-15 10-20 

30 30 

23.83 

2.76 

20-30 

30 



Table 

II* 




ORIGIN OF brachiocephalic ARTERIES 





BETWEEN 




PROXIMAL 

DISTAL 

BRANCHES 

TOTAL 

AORTIC ARCH 

Mean 

11.36 

14.28 

14.58 

13.33 

15.33 

S.D. 

2.16 


2.32 

2.67 

1.59 

Range 

10-15 

10-20 



. 10-20 

N 

11 

7 

12 


30 


Table III- 


TISSUES UNDER COMPARISON 

DIFFERENCE 

OF MEANS 

t 

P 

Superior vena cava and main pulmonary artery 

7.16 

13.04 

<.001 

Superior vena cava and aortic arch 

1.33 

1.97 

<.10; >.05 

Main pulmonary arteiy and aortic arch 

5.83 

10.50 

<.001 

Aortic arch with Nos. 5 and 8 catheters 

7.50 

10.00 

<.001 

Total points of origin of branch arteries and aortic 
arch 

2.00 

3.08 

<.01 

Origin of branches: at proximal curve and between 
branches 

3.22 

3.16 

<.01 


‘All weights are expressed in grams and refer to weight dropped tlirough a constant 
distance in the described apparatus wliicli produced rupture of the tissue. N = number oi 
determinations. S.D. = standard deviation. 


All determinations were made with a No. 5 catheter unless otherwise stated. 

SUMMARY 

1. A simijle method was devised for testing comparative tissue resistance to 
catheter puncture stress in the main pulmonary artery, superior vena cava, 
aortic arch, and points of origin of the brachiocephalic arteries in dogs. 

2. The results suggested slightly increased tissue resistance in the superior 
vena cava as compared with the aortic arch. The main pulmonary aiteiy vas 
weaker compared with these two vessels. 

3. There was a significant weakness at the points where the brachiocephalic 
arteries left the aortic arch, especially at the proximal curve, compared with 
the aortic arch. 













DIRECT VISION APPROACH TO THE AORTIC VALVE 
AVITHOUT OCCLUSION OR BYPASS 

Howard L. Gadboys, M.D.,* James L. Harrison, and 

Robert S. Litwak, M.D.*** 

INTRODUCTION 

A TECHNIQUE is presented Avliieli permits exposure of an aortic cusp 
through the sinus of A^alsalva without circulatory occlusion or bypass. A 
clamp (Pig. l)f consisting of two eoapling baffles, one fenestrated and the other 
recessed, is positioned over the noncoronary aortic cusp to form a chamber in 
which direct visualization and manipulation of the cusp are possible. Tailor¬ 
ing of all or part of the cusp and replacement by a graft or prosthesis have 
been carried out on experimental animals. The operating time within the 
valve ring is relatively unlimited since neither extracorporeal circulation nor 
vascular occlusion is required. 


PROCEDURE 


One hundred and three adult mongrel dogs, weighing 12 to 28 Kg., have 
been oiierated on. Intravenous Nembutal anesthesia is administered, an endo¬ 
tracheal tube inserted, and ventilation maintained with an Emerson, pressure- 
sensitive, ejmling respirator. The inspiratory pressure varies from -1-14 to 
-1-18 cm. H 2 O and the expiratory pressure from -|4 to -t6 cm. HoO. After po¬ 
sitioning the dog for a right thoracotomy (Pig. 2), a control electrocardiogram 
is taken and the cardiogram is monitored during the procedure with a Sanboin 
oscilloscope. A small midline incision is made and the xyphoid is resected in 
the animals having autogenous graft valvular replacement. The xyphoid is 
tailored to form a cartilaginous frame. This incision is closed and a standard 
intercostal incision is made in the right third interspace. A modified Fino- 
chietto retractor is inserted. The right lung is retracted caudally to expose 
the base of the heart. A 3 by 4 cm. segment of pericardium (Pig. 3) is re¬ 
moved, defatted, and the free valvular graft is constructed. A iiericardial 
envelope is made, invei-ted to place the suture line inside, and the tailored 
xyphoid stent is inserted. The flap is immersed in dilute heparin solution 
until needed. Pollowing re-expansion of the lungs, the right lung is again re¬ 
tracted caudally with a moist sponge. A traction suture in the tip of the right 
atrial appendage is used to retract the appendage, exposing the base of the 
aorta (Pig. 4). Control aortic and left ventricular pressure pulses are then 
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Prossvue moasviremcnts aie made with Statham strain gauges (P23A- 
P23D) oonneotod to a Sanboin 150 M 4 channel leeorder monitoied with a 
Sanborn Visoscope The manometers aie all balanced to the same fluid level 
aibitrarilj set at table top height ^ ’ 
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sutures are loosely tied. A second layer of niattressed adventitial sutures 
is then taken. Pressure is applied to the suture line for 10 minutes as the haffle 
clamp is unlocked. The unlocked clamp is dismantled, and the recessed baffle 
is returned to the pouch, permitting the graft to flap between the remaining 
leaflets and the aortic wall (Pig. 11). The pouch is excluded by replacing the 
partial occlusion clamp to permit its removal. The distal aortic incision is 
closed with mattress sutures and oversewn. Pressure measurements are again 
recorded. 





a b 



The j)erieardium is ordinarily not approximated. The chest is closed ovei 
an intercostal tube connected to an underwater seal. The lungs are expande 
and the intercostal tube is removed. Spontaneous respirations return wit in 
seconds of disconnecting the respirator. The incisions are coated with co 
lodion, another electrocardiogram is recorded, and the endotracheal tube is 

removed. _ _ 7 i s 

Postoperatively, the dogs receive intramuscular iienicillin for aJy 

There is no restriction of activity postoperatively and the dogs are not igi 
talized. 
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normothennio. Bi-adycarclia followed the ijroduetion of a satisfactory S-A 
nodal block, but the subsequent response of the animals to even moderate 
hemorrhage was catastrophic. We could not help hut feel that blockade of 
the sino-atrial node in. normothermie animals served to rob them of an effective 
defense mechanism against shook. 

RESULTS AND COMPLICATIONS 

Survivals have been followed for periods up to IG months. The mortality 
statistics cannot bo evaluated as a group since several technical modifications 
have been made. The last 10 dogs were operated on by the technique dc- 
seribed with one operative fatality (10 per cent). This dog had electrocai'dio- 
graphic evidence of an anterior myocardial infarction. The oseilloscopie trac¬ 
ing revealed S-T segment displacement as the posterior cusp was being re¬ 
sected. This rapidly progressed to ventricular fibrillation and death. The 
animal was aiitopsied with the baffle clamp still locked in place. There was 
no encroachment on the coronary ostia by the clamp, and dissection of the 
coronary arteries and myocardium was uninformative. The dog had had 
moderately profuse heniorrhage from the pericardial pouch with no blood re¬ 
placement. 

In contrast to this group, there were 10 operative deaths in the first 20 
dogs operated on by a similar but less refined technique (50 per cent). Hemor¬ 
rhage was the precipitating factor in 7 of these. Four of the 7 hemorrhagie 
deaths were due to faulty construction of the baffle clamp. There was tearing 
of the aorta from sharp angles present on the original clamp. Utilization of 
an inadequate aortic pouch caused 2 deaths in this group, and unsatisfactory 
hemostasis of the aortic sinus suture line led to the demise of the third. Care 
is now taken to oid even slight tension of the pro-ximal aortic incision to 
prevent intimal rears when the baffle clamp is released. One dog developed 
ventricular tadij eardia following cardiac manipulation, Pronestyl was ad¬ 
ministered bn' all A-V block .supervened. This progressed to fibrillation 
which could i be i everted electrically. Another dog died following inad¬ 
vertent tranM o of blood containing 75 ml. of sodium citrate solution after 
closure of the tl One dog had marked electrocardiographic changes at 
the completion ( * pioeediire suggesting an acute myocardial infarction. 
No gross or mioroscopn palnologic changes were found. 

Several complications of the entire group of animals warrant considera¬ 
tion. Biochemical analyses during the earlier procedures revealed acidosis 
in many of the dogs with blood pH ranging to 7.13, This was shown to be 
respiratory acidosis precipitated by a subatmospheric e.xpiratory phase of the 
rcspiiator Adjustment of the respirator to maintain po.sitive pressure cycling 
from T-lh on ILO to -id’H-O at 20 to "30 excursions per minute has corrected 
this abnoimality. 

There have been 5 late postoperative deaths in the 103 animals in which 
bronchopleural fistula ivas either a major or contributing factor. The fi.stnlas 
originated in pulmonary parenchymal tears sustained at operation. Five dogs 
died from empyema. Embolization of the flap-valve occurred in s who 
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10. Pig. 11. 

Fig. 10.—Sutures placed in aorta and free graft before advancing: graft into cliamber. 
Fig. 11.—Graft swings free with sj'stole and engages remaining cusps during diastole. 


TECHNICAL VARIATIONS 

The experiment has been set up to permit evaluation of the regurgitation 
produced and the effectiveness of the corrective measures. A control series of 
animals has had cusp resection only. Another group has had cusp resection 
followed by direct vision replacement with a graft or prosthesis. To date, our 
primaiy interest has been cusp replacement with an autogenous tissue graft. 
Pedieled pei’icardial grafts with cartilaginous stents theoretically seemed to 
offer greater promise of survival because of the retained blood supply. The 
theoretical advantage was decidedly outweighed bj’’ the greater technical ease 
vdth which the free grafts could be handled. There has not yet appeared to 
be aiy significant benefit from maintaining the blood supply. Woven nylon 
fabric has been used both to buttress the suture line and to replace the peri¬ 
cardium. The tendency of the fabric to fray under tension, even when the 
edges have been heat fused, has limited its usefulness. 

The problem of operative hemorrhage prompted us to use both hypo¬ 
thermic and hj^potensive anesthesia to minimize bleeding. Hj^iothermia, in 
this limited experience, did not cause significantly great falls in blood pressure 
at the therapeutic range (28° to 31° C.) to be of help. Considerable decrease 
in aortic tone and hemorrhage was obtained by using a hypotensive drug 
(Thiophanium). The dogs were extremely sensitive to the drug, hoivever, and 
total doses of as little as 0.5 mg. produced profound and irreversible hypo¬ 
tension in 3 of 8 large dogs. Fractional injection and continuous intravenous 
drip of extremely dilute solutions were tried but the results were unpredict¬ 
able. Eeversal of the precipitous hypotensive effects by peripheral vasocon¬ 
strictors did not materially alter survival. 

Although most of the animals were anesthetized ivith intravenous em 
butal (25 mg./Kg.), Vinethene-ether anesthesia was also employed. 

On occasions, when maniinilation of the right atrium produced an y ^ 
mias, iirocaine was infiltrated into the sino-atrial node. These ogs 
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died 8 days and 21/^ months following surgery. One operative fatality resulted 
from embolization to the brain and aortic trifurcation of a thrombus formed 
in the aortic pouch. 

Pulsus alternans has been noted during operation in approximately 5 per 
cent of the procedures. The etiology has not been determined, but it has had 
no prognostic significance. This is in sharp contrast to the gravity of pulsus 
alternans clinically. 



Fig. 12.—Appearance of free graft in animal sacrificed 11 weeks after during 

terior cusp with autograft replacement. A, Position during diastole, Jr'osiii 

systole. 

The fate of the autogenous flap valves is being studied. The animals have 
been followed for periods up to 16 months and are being sacrificed at ca c 
lated intervals (Figs. 12, 13). The principal postoperative difficulty enc 
tered has been suture-line hemorrhage precipitated by intimal tears 
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no attempt was made to lestoie blood piessures to pieoperatue levels (Fig 
16) The animal in whom a twofold variation occuried (Feb 27, 1957) died 
on Maich 7, 1957 Autopsy levealcd that the flap had embohzed leaving puic 
aortic insufflcicncy The cause of death was pulmonary congestion and edema 


control 



pootoporofivo 



Fife li—Voillc jpsuniclenc) \Mth cu'«p replacement Aortic pressnre tracings before vaUolar 
burg-ery and aftei production of aortic msufflciency with autogenous cusp replacement 


Tablf I Experimental Aortic Insupficienc!!* 


i 

DATE ' 

PROCEDURE 

PREOPERATIVB 
AORTIC PULSE 
PRESSURE 
(MM Hg) 

POSTOPERA 
TIVE AORTIC 
PtlLSE 
PRESSURE 
(MM llg) 

FtTE 

1 Dec 27, 1956 

Cusp resected 

Aorta angulated 
inadvertently 
Pressures not obtained 

Operative death. 

2 Jan 3, 1957 

Cusp resected 

Died, Jan 7, 1957, pul 
monarj edema and con 
gestion 

3 Jan 7, 1957 

Cusp resected 

15 

85 

Died, Jan 18, 1957, pul 
monary edema and con 
gestion 

4 Jan S, 1957 

Cusp resteted 

25 

40 

Dicl, March 21, 1957, pul 
monarj edema and con 
gestion 

5 Jan 10, 1957 

Cusp resected 

15 

40 

Died, Jan 10, 1957, pul 
monary edema 

G Jan 11, 1957 

Cusp resected 

13 

55 

Died, Jan 25, 1957, 
cardiac tamponade 

7 Jan 16, 1957 

Cusp resected 

10 

43 

Died, Feb 3, 19o7, pul 
monary edema and con 
gestion 

8 Jan 18, 1957 

Cusp resected 

13 

GO 

Died, Jan 27, 1957, pul 
monarj edema and con 
gestion 

9 Jan 23, 1957 

Cusp resected 

7 

23 

Died, Feb 4, 1957, pul 
monarj edema and con 
gestion 

Mean Pulse Pressure 14 

50 



•Alterations of pul«e pressure produced by resection of t crlor (noncoron ) 

aortic cusp 
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proximal edge of the aortic sinus incision. This problem appears to have been 
obviated by eliminating suture-line tension. Prosthetic valves other than 
nylon-covered stents have not yet been evaluated. 

Intracardiac operating times have varied from 30 minutes to 180 minutes 
with survival. The presence of the clamp is generally well tolerated if care 
is taken to avoid angulation of the ascending aorta. We have been able to 
demonstrate circumscribed areas of pressure necrosis from the clamp in only 
2 animals. In each, incorrect application of the clamp on the base of the right 
atrium produced distortion. 



Fig 14.—Aortic insufflciency iMthout cusp replacement Aoitic piessuie tiacings before and 
after production of valvular regurgitation by partial excision of posterioi cusp 

IIEJIODYNAJIIC OBSERVATIONS 

Uncorrected aortic insufficiency was produced in 9 animals by partial or 
complete excision of the posterior (noncoronary) aortic leaflet (Pig- 14). 
Pulse pressures were increased an average of 4 times, the smallest increase 
changing from 25 mm. Hg to 40 mm. Ilg and the largest deviation from 15 
mm. Hg to 85 mm. Hg (Table I). The dogs were permitted moderate activity 
and were not digitalized. The longest survival was IOI /2 weeks. There was 
one operative fatality, one animal died from cardiac tamponade 2 weeks aftei 
surgery, and 7 dogs succumbed from pulmonary congestion and edema. At 
autopsy the 7 dogs manifested no evidence of cardiac dilatation or increased 
pericardial tension. 

A completed series of dogs in whom cusp excision was followed by valvu¬ 
lar replacement (Fig. 15) is not yet available since an acceptable mortality 
rate for this combined procedure has only recently been attained. The last 
dogs in whom this technique was carried out can be compared vdth the 7 ogs 
in whom uncorrected aortic insufficiency was produced and pressuie measui 
ments obtained (Table II). No conclusions can be drawn from this series sin 
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To date the only clinically acceptable technique for the treatment of aortic 
insuffieieney has been the Hufnagel valve.® Any device inserted distal to the 
aortic valve ring, however, reduces the regurgitant work load at the expense 
of the diastolic phase of coronary arterial filling. It also requires an addi¬ 
tional procedure if direct attack on the aortic valve is desired. 

The ideal approach to the aortic valve, permitting direct vision for a pro¬ 
longed time with insignificant mortality, has not been achieved. A bloodless 
chamber inserted without interruption of the circulation has given limited 
access to the aortic valve without limiting operating time. Exposure of the 
valve ring, moreover, permits placement of a graft or prosthesis at a level 
which will not affect coronary arterial flow. With the development of a satis¬ 
factorily durable graft or prosthesis, it should be possible to excise a central 
portion of the valve and utilize the remaining rim of calcific tissue to seat the 
corrective device. 

SUMMARY 

1. An experimental technique is described which permits direct rtsual 
approach to the aortic valve without circulatory occlusion or bypass. One 
hundred and three dogs have been operated upon. 

2. The early operative mortality was 50 per cent. The present operative 
mortality is 10 per cent. 

3. Intraoardiae operating times with survival have varied from 30 to 180 
minutes. 

4. Pure aortic regurgitation has been produced by resection of all or part 
of the posterior (noncoronaiy) aortic cusp. No dog survived more than 101^ 
weeks. 

5. Aortic regurgitation has been produced in a similar group of animals 
and simultaneously treated by insertion of a flap valve at the aortic ring. 
Survivals have been followed for periods up to 16 months. 

G. The fate of autogenous flap valves and prostheses is being studied. 

We wish to thank Dr. John J. Byrne, director of the Third (B.U.) Surgical Service 
and Research Laboratory, for his continued encouragement. Dr. James W. Dow and Dr. Eric 
Berglund for physiologic counselling, Mr. Joseph Ferrara and Misses Joan Hartigan and 
Paulette Burstein for their technical assistance, and Miss "Violet Peters for the preparation 
of the manuscript. 

REFERENCES 

1. Bailey, C. P., Bolton, H. E., Jamison, W. L., and Nichols, H. T.: Commissurotomy for 

Rheumatic Aortic Stenosi.s, Circulation 9: 22, 1954. 

2. Evans, C. L.: The Velocity Factor in Cardiac Work, J. Physiol. 52: G, 1918. 

3. Gadboys, H. L., Roy, S. B., and Dow, J. W.: Simplihed Procedure for Combined Heart 

Study, Ann. Surg. 146: 843, 2957. 

4. Glenn, W. W. L.: The Digital Exploration of the Ventricular Chamber.s of the Heart 

Through a Rubber Diverticulum, Yale J. Biol. Ss Med. 25: 233, 1953. 

5. Hufnagel, C. A.: Aortic Plastic Valvular Prosthesis, Bull. Georgetown Univ. Med. 

Center 4: 128, 1951. 

fi. Litwak, R. S., Gadboys, H. L., Scott, G. B., and Ferrara, J.: Surgical Approach for 
Stenotic Lesions of the Semilunar Valves by E.\cision and Cusp Replacement 
Under Direct Vision, J. Tiiok.\cic Surg. 24: 16.1, 1952. 

7. Roy, S. B., Gadboys, H. L., and Dow, J. W.: Baseline for Left Heart Catheterization, 
Am. Heart J. 54: 753, 1957. 



766 


GADBOYS, HARRISON, AND LITWAK 


J. Thoracic Sure. 
June. 1958 


Tablk II. Expekimental Aortic Insufficiency With Insertion of Free Autogenous 

Flap Valve* 


DATE 

PROCEDURE 

PKEOPERATIVE 
AORTIC PULSE 
PRESSURE 
(MM.Hg) 

POSTOPERATIVE 
AORTIC PULSE 
PRESSURE 
(MM. Hg) 

I. Jan. 29, 1957 

Cusp resected and graft inserted 

20 

33 

2. Feb. 11, 1957 

Cusp resected and graft inserted 

22 

35 

3. Feb. 19, 1957 

Cusp resected and graft inserted 

23 

31 

4. Feb. 27, 1957 

Cusp resected and graft inserted 

15 

33 

5. Mar. 5, 1957 

Cusp resected and graft inserted 

18 

16 

6. Apr. 8, 1957 

Cusp resected and graft inserted 

25 

35 

7. Apr. 25, 1957 

Cusp resected and graft inserted 

25 



Mean Pulse Pressure 21 

30 


‘Pulse pressure alterations of last 7 dogs having cusp resection and replacement with 
free autogenous flap valve. 
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Fig. 16.—See text. 


DISCUSSION 

Naturally occurring aortic stenosis and aortic regurgitation are generally 
well tolerated for long periods of time, but both are serious lesions. It has 
been shown experimentally and clinically that acutely iiroduced insufficiency 
is handled poorly since compensatory mechanisms cannot develop. The a 
herent but nonealcified stenotic aortic valve responds well to dilatation an 
separation of the commissures. The pathologic changes in a rigid, ca ci 
valve, though, do not readilj^ succumb to such treatment. Removal of a poi 
tion (% or more) of the deformed valve restores normal hemodynamic i 
tionships" but is not clinically feasible because of the more seveie 
lesion produced. Therefore, total successful restoration of the diseased a 
valve depends on a satisfactory method for controlling regurgitation, 
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TUe aeoplasia vras soft aad pale red VfUK seattcrcd, dark blalsk-blaok spots. The bis- 
tologic diagnosis was leiomyosarcoma, of Jow-grade malignancy (Eig. 1). Oaiy inflammatory 
changes were found in the enlarged IjTuph nodes. 

Postopcratively, empyema developed iu the left pleural cavity and required open drainage 
on April 28, 1936. The patient gradually improved after this and was discharged from the 
hospital on June 16, 1936. 

During the next 15 years the patient considered himself well, but noticed an occasional 
discharge of suture material from the thoracic incision. 'When seen in 1953, he was working 
as an operator of a bulldozer. Localized empyema had developed with a long sinus tract 
which did not show any tracheohrouchml communication. This sinus tract was unroofed and a 
Schede tj’pe of thoracoplasty was performed. Recovery was prompt and he returned to full 
time work. He has been seen intermittently since then. On April 5, 1957, he was well and 
working. 







PNEmrONECTOMY FOR LEIOMYOSARCOIMA 
Patient Well 21 Years Later 

Alton Ochsner, M.D., and Seymour Ochsner, M.D. 

New Orleans, La. 

P NEUj\IONECTOi\IY for pulmonary disease is now so widely used that it is 
difficult to realize that the first successful resection Avms not accomplished 
until April, 1933.^ The great strides that ha^m been made in thoracic surgery 
since then have occurred dui'ing the experience of many active surgeons. The 
first patient on whom one of us (A. 0.) performed a jmeumoneetomy was seen 
recently, on the twentj^-first anniversaiy of his operation. The rarity of pul- 
monaiy leiomyosarcomas and the long survival after pneumonectomy prompted 
us to report this case. 


report of case 


A white man, aged 19 years, was admitted to Touro Infii-mary, Marcli 10, 1936, com¬ 
plaining of spitting blood and pain in the left side of tlie chest. In the .spring of 1935, he hail 
consulted a physician because of cough and thoracic discomfort, but no abnormalities were 
discovered. By July, 1935, weakness and shortness of breath had developed. By October tlie 
cough had become productive and the sputum contained streaks of blood. On Nov. 12, 1935, 
the patient was e.xamined at Sanatorium, Mississippi, and told that he had pleurisy, which 
could be tuberculous, although no tubercle bacilli were detected in the sputum. During late 
December, he had a severe attack of hemoptysis and spit blood for 3 days. 

On Jan. 24, 1936, lie returned to Sanatorium, Mississippi, for anotlier examination, wliich 
showed extensive atelectasis of the left lung. Dyspnea gradually increased and episodes of 
hemoptysis recurred. The patient had constant pain in the chest, became anorexic, and lost 
10 pounds in weight, 

"Wlien admitted to Touro Infirmary, the patient was pallid and undernourished. The 
temperature was 99.6° P. and respirations, 20. Absent breath sounds and dullness to per¬ 
cussion on the left together with complete opacity of the left hemithorax and shift of the 
heart and mediastinum to the left, demonstrated in roentgenograms, indicated complete atelec¬ 


tasis of the left lung. 

On April 2, 1936, a soft vascular tumor completely occluding the left main-stem bronchus 
was seen bronchoscopically. The tumor bled freely when tissue was obtained for biopsy. 
The histologic interpretation of this tissue was fibrosarcoma or leiomj'osarconia. On April 13, 
1936, artificial pneumothorax was induced and the loft pleural cavity was half filled with air. 

Left pneumonectomy was performed on April 15, 1936. About 500 c.c. of serous fluid 
was found in the left pleural cavity. The left lung was firm and airless, and many nodes 
were palpable at the left hilum. Vessels at the hilum were individually ligated. The bronchus 
was doubly clamped and divided. The pathologist who examined the lung immediately after 
its removal reported that there was no bronchial tumor within the specimen. The bronchos 
copist, wdiQ was present at the operation, stated that the tumor was just beyond the trachea 
bifurcation. Thereupon the remaining segment of the left main bronchus was e.xcised com 
pletely, including a portion of the trachea, which was closed obliquely. In this removed por 
tion of the bronchus there was a tumor which largely filled the bronchus. 


From the Departments of Surgery and Radiologj', Ochsner Clinic, New Orleans, La. 
Received for pubiication Oct. 28, 1957. 
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I. ' 'lATION TO THE LUNG AND POSTERIOR 
" I'lIROUGH THE OPEN CHEST 
^ A iNG Dosage BET^vEEN 6,000 ^vnd 15,000 b 

H iLD Davis, M.D., Frank T. Kotziveg, M.D., 

D n 'Y, M.D., and John Chesney, 5I.D. 

Mum, Fui. 


I N 1912, TorcV i 1 the lii-st successful esophagectomy for carcinoma of 
the esophagn- ' ' > cars later, Graham'" was able to do a pneumonectomy 

for carcinoma ' IIk m” \ith long-term survival. Even with subsequent ad¬ 

vances in the f)r„'mcni o, hese two diseases the prognoses are not good. The 
reseetahility rat‘ io caneu of the lung is variously given as 29 per cent' and 
41 per cent" and the 5-vear suiwival figure as 5.3 per cent.* Of the patients 
having a resocti'n H 7 per cent" were alive at the end of 5 years. The 5-year 
survival rate for e o einoma of the esophagus varies between 0 and 5 per cent.® 
Another series is more encouraging.' Here 6 per cent of the patients operated 
upon for midesophageal carcinomas and 15 per cent of those operated upon for 
lesions at the lower end of the esophagus were alive after 5 years. If the tumor 
was localized or metastatic only to regional lymph nodes, the rates, respectively, 
became 23 and 32 per cent. These percentages fall sharply if based on the 
total number of patients in the series. Both conventional x-ray therapy and 
chemotherapy have had trials but at the present time they offer only palliation 
in selected cases in most instances. 

The dismal situation of low resectability and cure rate for carcinoma of the 
lung prompted Chesney and Daughtry* to radiate the lung through the open 
chest at the time of thoracotomy in some of the patients that they deemed non- 
resectable. As yet, their experience is meager and their approach has necessarily 
been cautious. 


PURPOSE AND JIETHOD 

Information on single dose x-ray radiation administered directly to the 
lung or mediastinum without the interposition of the chest wall is lacking. A 
long-term study was undertaken to investigate this modality of therapy because 
of possible direct clinical application. Patients with nonresectable tumors of 
the lung, esophagus, or posterior mediastinum might be candidates for this 
type of treatment. Patients whose tumors had been resected, but in whom there 
were positive regional lymph nodes, might also benefit from such therapy. 
The purpose of the investigation, then, was to establish the maximum safe 
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Pulmonary resection for sarcoma of the lung was apparently first achieved 
by LilienthaP in January, 1933, but the patient died on the fourth postopera¬ 
tive day and necropsy proved the pulmonary lesion to be a metastatic mass. 
In July, 1933, Archibald^ successfully performed a pneumonectomy on a patient 
with a sarcoma of the upper lobe and, in October, 1933, Rienhoff® removed the 
left lung of a 3-year-old child who had a fibrosarcoma. So far as we are aware, 
our patient represents the first case of i)rimary leiomyosarcoma of the lung 
successfully treated by pneumonectomy. In a recent review of primary pul¬ 
monary sarcomas,^ we discovered reports of 15 cases of leiomyosarcoma of 
which 7 were resectable. 

This ease exemplifies several cardinal points in the diagnosis and manage¬ 
ment of pulmonary tumors. 

1. Persistent hemoptysis calls for complete clinical, roentgenologic, and 
bronchoscopic examinations. 

2. Extensive atelectasis may rc.sult fi'om small tumors and even complete 
atelectasis of a lung does not mean that resection may not be successful. 

3. A neoplasm may involve the bronchus quite close to the trachea. Suc¬ 
cessful excision may require complete removal of the bronchus and, at times, 
even a portion of the trachea. 

4. Surgical removal of pulmonary sarcomas is desirable and, as in our 
case, may result in a long and useful life. 
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subdivided accoiduig to tlie amount of radiation tliej leceived Gioiip II com 
prised those animals that leceived radiation diiectly to the mediastinum -with 
tlie lung protected Statistically the 2 gioiips did not lend themselves foi 
compaiison or was such an analysis of the siibgioiips possible Certain ob 
serrations were, hoiiever, valid Tables I, II, and III record the gross post 
moitem findings of the first group and Tables IV and V do the same in those 
dogs receiving ladiation diieetly to the mediastinum No effoit was made to 
estimate accurately the body siiiface of the animals but the tables do leeoid 
the body weights Survival time, coiiiplications, and clinical couise did not 
coirelate iiith the body weights 


Tible I* 


1 

1 

POO i 

1 

WEIGHT j 
(KG) j 

HGB 

1 

WB C i 

qURVUAI 
IV DAYS 

PLEUR4I 

FLUID 

REtCTIOVi 
TO 1 

Luvr 

1 

PVEU 1 
MOMTIS 1 

MEDItS 1 
TINAL 
RFACTION 1 

ESOPH 

AOITIS 

o 

11 S 


— 

10 

+ 

4- + + + 

0 

4- + 4- 

+ + 

4 

14 0 

. 


42 

+ + + + 

+ + + 

4- + 

0 

0 

7 

13 6 

10 2 

11 200 

103 

\ 

+ + 4- 

+ + 

? 


8t 

181 


_ 

10 

+ + 

4- + 4- 

+ 4- + 

+ 

+ 

11? 

18 1 

92 

10 000 

60 

0 

4- + 4-4' 

4- + 4- + 

4- + + 

+ 

16 

15 4 

86 

7 450 

32 

0 

+ 4-4' 

+ 4- + 

4-4-4- 

4- + + 


*Group I —Doffs receiving a single exposuie of 12 000 r In air to the exposed lung surface 
'ind a depth dose of 7,800 r (7 254 R\D) to the esophagus 
t250 ec fresh blood 
tThis dos received 15 OOO r 
IHeart showed reaction to radiation 


TABfr II* 






SURVUAt 
IV DA4 S 

PIEURAL 
FI UID 

REACTION 
TO I UNO i 

PNEC 

MOVITIS 

MEDIAE ' 
TIVAL 
REACTION! 

EBOFIf 

AGITIS 

g 

118 

106 

11,300 

27 

4-4-4-4- 

4--f- + 

0 

4- + 4- 

4-4-4- 

10 

9.2 7 

99 

15,300 

25 

4-4- 

4-4-4-4- 

4- + + 

0 

0 

12 

15 9 

99 

18,000 

16 

4- 4- 4* 4* 

4- + 4-4- 

0 

+ 4-4- 

0 

13 

15 9 

90 

7,300 

20 

4- + 4- 4- 

4-4-4- 

4- + 

+ + 

4- 

14 

15 9 

13 9 

10,730 

27 

4- 

4- 4 + 

4-+ + 

4- + + 

4-4-4- 

15 

15 9 

110 

13,700 

23 

+ 

+ + + 4- 

+ + 

4- + 

4- 


*Gioiip I —Dogs receiving i single exposure of 10 000 r in air to the exposed lung surt'ice 
and a depth dose of 0 500 r (6 025 R\D) to the esophagus 


Table III* 


DOG 

WEICHT 1 
(KG ) 1 


W B C 

SUB\I\AI 
IN DATS 

PI EURAI 
HUID 

RLACTION 
TO TUNC 

1 VEU 
MOMTIS 

MEDI VS ' 
TINAL i 
REVCTIOV] 

FSOPH 

AGITIS 

1 

17 7 

_ 

_ 

11 

t 


4-4- 

4- 

+ 

1} 

113 


__ 







5 


- 

__ 

13 

? 

4- + -I- 

4-4- + 


mom 


•Group I —Dogs receiving a single exposure of S 000 r m air to exposed lung surface and 

a depth dose of 5 200 r (i S36 RAD) to the esophai,us 
tPleural flstula wound not \\ell protected 

JRccelved 6 000 r dog still living 

§Empyeina 


The hemoglobin in milligiams pci cent, and the iihite blood cells pei cubic 
millimeter iveie locoided Tliesc dctciminatioiis iieie done at the time of 
tlioracotomy and then at iveeklj intciials Tliose in the tables are the initial 
values As has been stated, the hemoglobin and white count icflccted the 
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dose of x-ra 3 ^ radiation that maj^ be given by this method, to estimate if such 
doses Avere canceroeidal, to determine if 'they produced less sj’-stemic effect than 
conventional forms of therapy, and to determine Avhat complications can be 
expected. It Avas also the aim of the study to search for means of eliminating 
or treating complications. Finallj', assuming that a suitable technique Avas 
developed and that doses Avere canceroeidal, information about pulmonary func¬ 
tion before and after treatment must be gathered. 

jMongrel dogs Aveighing betAveen 9 and 27 Kg. Avere used. The state of 
health of the animals varied considerably but there Avas a coarse correlation 
betAveen the hemoglobin and AA'hite cell count Avith the clinical condition of the 
dog. In south Florida, manj'- of the mongrel dogs are underweight, many have 
heart AAmrms, and most are infested Avith intestinal parasites. Under intravenous 
veterinary Nembutal anesthesia, the dogs’ tracheas Avere intubated and connected 
to a respirator. A thoracotomy^ in the right fourth interspace Avas perfoi’med 
under sterile conditions. A circular cone made of sterile sheet lead Avas in¬ 
serted into the posterior aspect of the Avound in such a Avay that the tissues 
surrounding the portal of radiation entry Avere completelj’’ protected by at least 
2 nun. of lead. The entry portal measured 28.26 sq. cm. Irr one group of dogs, 
the radiation AA^as directed through the lung toAvard the posterior mediastinum. 
In this group, care Avas taken to see that there Avere no atelectatic areas during 
radiatiorr. Irr the second group, the lung on the side that Avas operated upon 
Avas packed aAvaj"- from the entry portal, thus alloAving the radiation to pass 
direetlj^ to the mediastinum Avithout going through the lung. FolloAA'ing ad- 
mirristration of radiatiorr, the chest Avas closed in layers using continuous sutures 
of silk. Some of the dogs receh'cd arrtibiotics but in this series it neither af¬ 
fected the survival time nor the complicatioir rate. Postoperatively, the dogs 
Avere fed standard kenirel rations and Avere observed for sATuptoms. Hemograms 
and chest films of the animals Avere obtaiired at iirtervals. At the time of death, 
post-mortem examirrations Avere done on all dogs. 

The dose of radiation delhmred varied but the factors of distance and 
quality remained constant. The radiation used Avas generated by a self-rectified 
therapy’^ unit operated at 250 PKV, 30 Ma., at surface-target distance of 25 cm. 
arrd Avith air output of 1,200 r per miirute in air at the surface of entry. The 
quality^ of the entry'^ radiation Avas 4.0 mm. aluminum half -Amine layer. In vivo 
determinations and measurements made of the isolated respiring lungs of a 
dog shoAved a depth dose in the mediastinum at the level of the esophagus to 
average 65 per cent of the entrance surface dose Avhen the radiation passed 
through the lung. The periphery of the opposite lung received 40 per cent. 
The absorbed dosages are expressed in RADs (radiation absorbed dose) and in 
tissue roentgens at the depth in question. 

BESUL.TS 

The dogs have been divided into 2 gvoups. Those receiving 
through the lung have been designated as Group I and have been furtiei 
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Fig 1—A photognipb of the lungs of Dog 12 (Table II) shons necrosis of the rartintetl 
lung with excavation The left lung and the remainder of the right lung display only minimal 
changes This dog lecehed 10.000 r directlj to the lung 1C dajs before death 



nt. rCG r- t‘. 

Fig 2 —A photograph of the lungs of Dog 4 (Table I) shows radiation reaction Ic^’s 
intense than that in Fig 1 Thfa animal receixed 12,000 r directly to the lung 42 da ^3 
before death 
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Table IV* 


BOG 

DOSAGE 

OP 

RADIA¬ 

TION 

^YEIGHT 

(KG.) 

UGB. 

W.B.C. 

SUR¬ 

VIVAL 

IN 

DAYS 

PLEU¬ 

RAL 

FLUID 

REAC¬ 

TION 

TO 

LUNG 

PNEU¬ 

MONITIS 

MEDIAS¬ 

TINAL 

REACTION 

ESOPH¬ 

AGITIS 

18 

15,000 r 

13.6 

8.4 

9,000 

3 

+ + + + 

0 

+ 

+ + 

+ 

19 

15,000 r 

18.6 

9.6 

22,700 

14 

-I 

0 

+ + 

+ + + 

+ + + 

20 

15,000 r 

18.6 

8.4 

16,000 

12 

0 

0 

+ + + 

+ + + 

+ + + 

21 

15,000 r 

11.3 

6.6 

7,900 

4 

+ + + 

0 

+ + -f 

0 

0 

22 

12,000 r 

9.5 

7.9 

6,600 

12 

+ + 

0 

0 


0 

23 

12,000 r 

10.4 

9.7 

22,800 

20 

0 

0 

+ + 4- 

+ + + 

4- + + 


Group II— 

-Dogs receiving 

a single exposure of 1 

2,000 to 

15,000 r 

(ll.lGO to 13.950 

RAD) 

to the depth of tlie esophagrus with the lung shielded. 









Table 

V* 






DOSAGE 




SUR- 


REAC- 





OP 




VIVAL 

PLEU- 

TION 


MEDIAS- 



RADIA- 

WEIGHT 



IN 

RAL 

TO 

PNEU- 

TINAL 

ESOPH- 

DOG 

TION 

(KG.) 

HGB. 

W.B.C. 

DAYS 

FhUID 

LUNG 

MONITIS 

REACTION 

AGITIS 

24 

8,000 r 

__ 

9.8 

14,500 

6 

-f 

0 

+ + 

+ 

0 

25 

8,000 r 

9.0 

10.2 

6,200 

64 

+ 

0 

+ + + + 

7 

? 

26t 

8,000 r 

27.2 

19.1 

11,600 

100+t 






38 

6,000 r 

15.0 

— 

— 

2 

0 

0 

+ + 

0 

0 


*Groiip H —Dogs receiving a single exposure of G.OOO to S.OOO r (5,6S0 to 7,440 RAD) 
to the depth of tlie esopliagus witli the lung shielded. 
tGreyhound. 
tStill living. 

general health of the animal with some accuracy. During the postradiation 
(and postoperative) course there was no recognizable change in the hemoglobin 
for all the dogs or for any group or subgroup. Generally speaking, if the 
animal was malnourished and had a low hemoglobin it rose as a result of the 
routine kennel ration that he received. If the animal developed esophagitis 
and stopped eating, the hemoglobin fell. The radiation had no effect on the 
hemoglobin in the animals recorded in the tables. Similarly the white blood 
cell counts that were listed were the initial -smlues. Here too there was no 
discernible pattern. If the dog developed pneumonitis from the radiation with 
secondary infection, the white count rose; otherwise, it remained unchanged. 
In no subject did a leukopenia develop. 

The x-ray radiation dose within the range administered did not affect the 
survival time. Thus, the dogs receiving 6,000 r did not routinely live longer 
than those receiving 15,000 r. Because of the small size of the groups this 
does not have statistical significance. Similarly no difference in survival time 
existed if the dog received the radiation directly to the mediastinum or through 
the lung. Two dogs survived. One was a greyhound in excellent physical con¬ 
dition at the time of thoracotomy. At post-mortem examination many of the 
dogs had significant pleural effusions. Those that wmre graded four plus ha 
between 700 and 900 ml. of fluid present in the pleural spaces. By far t le 
greater amount of fluid was present on the right, which was the side of thoia- 
cotomy, but often fluid was also present on the left. This was understanda e 
when it wms realized that the left lung received 40 per cent of the radiation 
administered to the surface of the right. As a general rule those dogs t la 
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“Pneumonitis” in the tables referred to changes in the left lung and in 
areas of the right lung that were not directly within the field of radiation. 
Pneumonitis was used here to mean pneumonia, atelectasis, or pulmonary' edema. 
Usually all three were present in varying degrees. Chest films showed pneu¬ 
monitis within the first 7 daj'S but these x-ray findings did not persist even if 
considerable pathologic change was found at autopsy. 

Mediastinal reaction consisted of edema, induration and later fibrosis of 
the posterior mediastinum. Changes here paralleled the esophagitis that de¬ 
veloped but occurred earlier. The esophagitis was always more intense in the 
Group II dogs and in some instances the trachea and bronchi were the site 
of severe reactions. Pig. 3 shows only minimal changes in the esophagus of a 
dog receiving radiation through the lung. Pig. 4 demonstrates mucosal slough¬ 
ing in a dog receiving radiation directly to the mediastinum. Esophageal per¬ 
foration or fistula did not occur. Clinically the animals that developed esoph¬ 
agitis stopped eating about 10 days following radiation. Many of them de¬ 
veloped a cough that was due to an associated tracheitis, bronchitis, or both. 
Some dogs then improved only to stop eating again a day or 2 before death. 

The clinical course of the 2 groups was slightly different. All dogs recov¬ 
ered well from thoracotomy and radiation. On the first postoperative day they 
exhibited little or no discomfort, walked about and ate and drank well. The 
dogs in Group I for the most part did well until one or 2 days before death. 
Those in Group II also did well initiallj’ but about 10 days postoperatively they 
developed signs of esophagitis and tracheitis as manifested by cough and failure 
to eat. Often there would be ti-ansient improvement only to bo followed by a 
recurrence of symptoms wliieli shortlj' preceded death. 

DISCUSSION 

Single dosage x-ray radiation to the lung and posterior mediastinum through 
the open chest was a simple procedure. The radiation was immediately com¬ 
pleted rather than prolonged. Systemic manifestations, such as radiation sick¬ 
ness, were absent with this method of administration. Anemia and leukopenia 
did not develop. AVith the protection used, there was no delay in wound heal¬ 
ing and no skin damage. All of these animals received much larger than cal¬ 
culated cancerocidal dosages of x-ray radiation through a relatively large port. 
AVith the dosage used, it was not surprising that all animals (except 2) died. 
Death was due to direct destruction of tissue or a complication of tissue damage. 
Thus mortality was from pleural effusion, pneumonitis, or esophagitis in almost 
all instances. Possibly some of the dogs would have survived longer had their 
complications been treated. Because of the much higher than cancerocidal doses 
used in this series, no conclusions regarding clinical application can be made. 
Further laboratory work with lower but still cancerocidal dosages is indicated. 
A different technique of radiation administration with or^without the addition 
of a eliemotherapeutic agent bears investigation. 
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radiation tlirough tlie lung (Group I) had more pleural effusion at autopsy 
than did those that received it directly to the mediastinum (Group II). Almost 
all of the animals developed some pleural effusion within the first week following 
radiation as indicated by serial x-ray studies. In addition to a massive pleural 
effusion, Dog 4 liad a pericardial effusion large enougli to cause death from 
tamponade. This occurred early in the series and all subsequent dogs had 
windows cut in the pericardium. 



roe x-i 


Fig-. 3.—A photograph of the esophagus of Dog 1 (Table III) shows mild erythema in the 
radiated area. Radiation was through the lung. 



Fig. 4.—photograph of the esophagus of Dog 20 (Table IV) shows an intense reaction uith 
sloughing of the mucosa in the radiated area. 

The reaction of the directly radiated lung in Group I varied. Pulmonaiy 
reaction in the dogs receiving the higher dosage was not uniformly gieatei 
than in those receiving 6,000 r. Fig. 1 shows the typical gross appearance o 
the lung in Group I dogs that were graded four plus. Pig. 2 sliows a ess 
intense reaction. On serial x-ray studies tlie lung reaction appeared as a cn- 
cumseribed density within the first week and persisted on subsequent films unti 
the animal finally died. 



HYDATID CYST OF THE LUNG WITH BRONCHOGRAPHIC 
EVALUATION OP TREATJIENT BY INTERNAL SUTURE OP THE 

PERICYST 

Maukice Srouji, M.D.,* Rafik Mulhim, M.D.,** and John L. AVilson, JI.D. 
Beirut, Lebanon 

H ydatid disease (ecliinoeoeeosis) is a common parasitic infection in cer¬ 
tain sheep- and cattle-raising areas. Sontli America, Australia, New Zea¬ 
land, North and South Africa, and the Jliddlc East are particularly affected. 
Cases from these endemic regions will appear elsewhere with greater frequency 
as world travel increases and it is also possible for other endemic foci to occur 
wherever conditions are favorable to the parasite. Thus, it is likely that the 
elinioal features and treatment of various aspects of this disease will be of more 
general interest in the future. For this reason wo are presenting onr c-Tporionce 
with eases of hydatid cyst of the lung in the American University Hospital dur¬ 
ing the past 10 years (July 1, 19-17 to June 30, 1957). 

PAB.tSITOLOGV 

Before dealing with clinical problems, a brief review of the life history of 
the responsible parasite may be helpful. Hydatid cysts are the larval stage 
of the minute tapeworm. Echinococcus granulosus, which infests the intestine 
of dogs and dog-like animals (the definitive hosts). The worm, which is only 
2 to 8 mm. in length, consists of a scolex and neck followed by three or four 
successively larger segments. The terminal segment, or proglottid, contains 
eggs which are passed in the dog’s stools to contaminate the food or water con¬ 
sumed by certain herbivorous mammals such as cattle, sheep, and human beings 
(the intermediate hosts). Human infection, especially in the case of children, 
may also result from such intimate association as playing or living with dogs. 
AVhen the eggs are ingested by an intermediate host, they hatch in the upper 
gastrointestinal tract to release a larval embryo which penetrates the bowel wall. 
The embryo then enters the portal circulation or, less frequently, the lymphatics 
or systemic veins. Most of the embryos will be filtered out in the liver with 
the lungs being the second most commonly affected organ. Embryos may occa¬ 
sionally escape these two filters and lodge in other parts of the body. JIultiple 
organ involvement is not uncommon. 

After the larval embryo has come to rest, and if it is not destroyed by 
the humoral and tissne reactions of the host, it develops into an echinococcus 
evst. This lesion is appropriately called a hydatid or a h.vdatid c.vst since the 
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SUJIiMARY AND CONCLUSIONS 

Tlirough a thoracotomy, one group of dogs received single rather high 
doses of x-ray radiation directly to the lung while a second group received it 
to the posterior mediastinum. In the first group, death was the result of pleural 
effusion or pneumonitis. In the second group, esophagitis vdth or without tra¬ 
cheitis eaused death. Fui’ther investigation is warranted using lower but still 
eancerocidal doses of radiation. 

The assistance of Drs. John B. Mialc and Raymond E. Parks is gratefully acknowledged. 
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small, tlun walled blisteis ot pedunculated cjsts on its iimei suiface These 
aie knoun as brood capmles and m them aie foimed tiny seohes whieh ma 3 
luunbei seveial million iii a laige cj'st Detached and free floating brood cap 
sides and scolices make up a fine sediment called hydatxd sand m the cj st fluid 
If the germinal membrane itself exthci invagiiiates oi evagiiiates, a poi 
tion of it maj’ be pinched off to form a daughtci cyst which has the chaiacteiistie 
laminated membrane, hj datid fluid, blood capsules, and scolices These daughtei 
cjsts may also deielop fiom brood capsules or scolices The daughters aie 
usually inside but may be outside the mothei cyst membiane the continuity 
of Minch is bioken bj the iiiitant oi aging piocess which has stimulated the 
daughtei cjst foimation ■“ Daughtei ejsts aie fairly common m hjdatids of the 
liiei but aie infiequent in the lung In our 77 pulmonaiy hj datid cjsts, only 
3 had daughtei cjsts 



1—Schematic representation of a simple primary h>datld cjst of the lunR- I 
Bronchi B Lung' p'irencli>ma G Penost (oi id\entltj'i) D Potential space between 
periejst and parasite E Laminated layer of parasite membrane (cctocjst) r Germinal 
la>er of parasite membrane (endoc>st) G Brood capsule containing scolices 11 Free 
floating scolices / Hj datid fluid 

Both cjst fluid and scolices aie a paitioular menace Due to the fact 
that the liost develops moie oi less antibodies in lesponse to the p.iiasite, the 
leakage of fluid into the tissues aftei spontaneous or surgical luptiire of the 
cyst waU maj pioduce anj of the whole gamut of immunologic reactions fiom 
urticaria to fatal anaphj lactic shock The scolices, which icadily escape as the 
fluid leaks, will implant themsohes and pioduce secondaiy hydatid cysts wliicli 
aie so called to distinguish them fiom the piimaiy hydatid cysts that aiiso 
diiectly from ingested o\a Because of the risks of anaphilaxis and iiiiplanta 
tion, spillage of hjditid fluid must be caicfiilh aioidcd during surgical ticat 
ment 

The In datid is not attached in any way to the host but leeeivcs all its 
noiirislimeiit by osmosis thiough the cjst membiane As the cist glows, the 
host tissues aie compressed to foim an eneiieliiig, fibrotie sin ' 
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term “lij'^datid” is derived from a Greek root meaning "wateiy vesicle.” The 
growth of the cyst is slow and insidious, the rapidity depending on the environ¬ 
ment. At the end of 6 months it will usually measure only 1 to 2 cm. in diameter 
but eventually it may reach a huge size and contain several liters or more of 
fluid. Pulmonary cysts larger than 20 cm. are not common but hydatids filling 
an entire hemithorax are occasionally seen. Barrett and Thomas^ have noted 
cysts to grow to 6 cm. diameter in tlie lung within a year. It is also frequently 
observed that a cyst maj’^ remain fairly constant in size for several years at a 
time. 

Table I gives the organ distribution in the 176 patients with hydatid cyst 
seen at the American University Hospital during the past 10 years. The diag¬ 
nosis in all cases was proved by operation or autopsy. The relative incidence 
of pulmonary cysts in our experience (32 per cent) is somewhat higher than 
that usuallj^ reported. For example, De^’e^ noted liver cysts in 75 per cent of 
eases and pulmonary cysts in 10 per cent. Chandler- records a 60 to 75 per 
cent liver involvement as compared witli a 20 per cent lung involvement. On 
the other hand, Craig, Faust, and Miller,® state that in Chile pulmonary hydatid 
is as common as liepatic liydatid. It is most probable tliat, instead of a vaiy- 
ing predilection of the parasite, the composition of statistics from different in¬ 
stitutions is influenced by extraneous factors. 


Table I. Organs Involved in 176 Cases of Hydatid Cyst 








PERI- 

.VISCEL- 

CASE NO. 

LIVER 

LUNG 

SPLEEN 

KIDNEY 

HEART 

TON1U.M 

LANEOUS 

A. Distribiction of 164 Cases of Hydatid Cyst With Involvement of a Single Organ 


84 

59 

3 

3 

1 

3 

11* 

JB. Distribution of 1£ 

1 -X 

O 

■ Cases of Eydatid Cyst jnth Multiple Oryan Involvement 

X 

3 

4 

X 

X 


X 

X 





5 

X 



X 




6 

X 



X 


xf 

v4 


7 

8 

X 





X1 

xt 


9 

X 







10 


X 

X 





11 


xt 



X 



12 



X 

X 





‘Soft tissues 4, orbit 2, spine 2, brain 2, thyroicl 1. . ^ 

fThese were unquestionably secondary cysts due to rupture of a primary ejst in i 
other organ listed. 


An understanding of the anatomy of the hydatid as shown in Pig- 1 is im¬ 
portant. The parasite itself is a fluid-filled cyst, the wall of which is coinposec 
of an opaque, white, friable membrane that is paper-thin during early develop¬ 
ment and eventuall}’- reaches only a few millimeters in thickness. The cyst 
wall is actually composed of two layers—an inner germinal and an outer acelu^ 
lar layer which is laid down in concentric laminae by the internal germinating 
surface as a protective covering around itself. The germinal membrane secretes 
a water-clear hydatid fluid into the cyst cavity which is tliereby tense y is- 
tended to a globular shape. The germinal surface, if it is fertile, pro uce 
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Total patients: 62 of which 4 were in the age range of 0-10 yr., 
13, 11-20 yr.; 16, 21-30 yr.; 11, 31-40 yr.; 12, 41-50 yr.; 
4, 51-60 yr.; 2, 61-70 yr. The youngest patient was 5 and the 
oldest 65 years old. 

Sex distribution; There were 44 males and 18 females. 

Incidence of complicated cyst; 33 of tlie 62 patients had com¬ 
plicated cysts. 

Jlultiplc cysts: 11 patients had multiple cysts. Bilateral c.vsts 
occurred in 5 patients. The total cysts in 62 patients was 77. 

Daughter cysts: Three cysts (all complicated) contained daughter 
cysts 

Location of 77 cysts: There were 45 (58 per cent) on the right 
side: upper lohe, 14; middle lobe, 11; lower lobe, 20 On the 
left side, there were 32 (42 per cent): upper lobe, 13; lower 
lobe, 19. 

Size of 73 evsts recorded: 1-5 cm., 17; 6-10 cm., 48, 11-15 cm., 7; 
16-20 cm, 1. 



Fig- 3.—The incidence of ^arlous sjmptoms In 62 patients with pulmonary hjdatld cjst 

Symptoms .—Simple cysts cause no complaints until pressure symptoms or 
pericystic pneumonitis in compressed or obstructed lung tissue occur. Seven 
of our patients had the diagnosis made on chest radiography or fluoroscopy 
done for another purpose. The incidence of asymptomatic cj'sts discovered in 
this manner will doubtless increase in tlic future. 

Complicated cysts are the result of rupture and infection. Their synnp- 
toms vary over quite a wide range. The patient ma.v cough up clear fluid or 
fragments of cyst membrane. A large membrane in the tracheobronchial tree 
may cause localized obstruction or even death from asphyxia. In rare in¬ 
stances, the cyst may rupture into the pleural space to produce pyopneumo¬ 
thorax, .and pleural implantation of secondary cysts may follow. AVidespread 
pneumonitis occasionally gives the picture of acute pneumonia or pulmonary 
abscess Jlore or less purulent sputum is common. On the whole, however, the 
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Avlxieli in tlie larger pulmonaiw cysts may be a half centimeter or more in thick¬ 
ness. This zone is known as the jiericyst to distinguish it from the parasite it¬ 
self. The expansion of the hydatid almost invariably erodes one or more small 
bronchi which open into the potential space between pericyst and the parasite. 
Fluid leaking from the hydatid may therefore enter the bronchial tree, and 
bacteria from the respiratory passages have access to the pericyst cavity. "When 
pulmonary cysts rupture spontaneously, as they frequently do, both pericyst and 
hydatid promptly become infected. Tliis results in death of the parasite and 
its scolices. An infected hydatid wiU no longer implant or cause anaphylactic 
reactions. Viable intact hydatids (Avlietlier primai-y or secondary) are termed 
simple cysts. Ruptured or infected hydatids are considered complicated cysts. 

The life cycle of this sinister parasite is completed Avhen the eyst-contain- 
ing viscera of intei-mediate hosts, suclx as sheep axxd cattle, are eateix bj' dogs. 
The iixgestcd scolices develop ixxto adult tapeworms ixx the dog’s ixxtestixxes (Pig. 
2 ). 

Fifr. 2.—I.ife cycle of the tapeworm. Echinococcus i/i'anuJosus. 

Definitive Host : Usually the Hog 

The adult tapeworm is harbored in the small The adult tapeworm develops from ingested 

bowel and ova are passed in the stools. scolices when organs infected with hydatid 

cyst are eaten. 

Scolices 

Intermediate Host : Usually cattle, sheep, and man 

Ingested ova develop into primary hydatid cysts, the larval stage of the parasite; these cysts 
contain scolices. 

Secondary Hydatid Cysts 

These develop in the intermediate host from implanted scolices when a primary cyst ruptures. 

Echinococcus granulosus is the oixly hydatid-forixxiixg parasite which avc 
have encountered in tlxe hliddle East. In Europe, Siberia, and Alaska, thexe 
is seen aix alveolar form of ecliiixococcosis clxax-acterized by the formation of 
multiple tlxiix-walled vesicles which infiltrate the surrounding tissues. It has 
been suggested by Rausch and Schiller" that this alveolar liydatid disease is 
caused by the larval stage of Echinococcus sibiricensis which is a tapexvornx 
xxxorphologically almost ideixtical Avith E. granulosus. 

PULAION.ARV CYSTS AT THE AMERICAN UNIA^ERSITY HOSIUTAL 

General Dato.—During the past 10 years, 62 patiexxts Avith proved priinaiy 
hydatid cyst of the lung have been treated. A fcAV of the characteristics o t us 
series folloAV. 
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piesent, is a naiiow crescent of decicascd density aioimd tlie iiiaigm of tlio 
mass Tins is due to an between the hjdatid and peiioist (Fig 4, ^1) Tomog- 
laphy IS useful in dcnionstiating the cicseent moie cleaily 'When pait of the 
lliiid has escaped fiom the paiasite, the descent niaj' become quite piominent 
If an also entcis the hjdatid cyst theie may be two ca\ities, one above the 
otbei (Pig 4, B) Aftei complete luptiiie of the paiasite with collapse of 
the meinbiane, an abscess cavity lesiilts An air fluid level is fiequently pres 
ent, the suiface of wliieli may be wavy oi iriegulailv scalloped due to the 
ciumpled, letained inembiane (Fig 4, C) This “watei lilv” sign may also 
bo pioduced by ucciotic debus in an abscess cavitj of other oiigin 

Bionchogiaphy is not paitieulaily helpful 

Bionclwscopy —In complicated cysts, the bionehoscopist inaj establish the 
diagnosis by lemoving a poitioii of mcmbiano mIiicU has piolapscd into an 
accessible bionehus In laie instances, the entiie inembiane can be teased out 
and healing of the peiicjst, without snigieal inteivention, becomes a possibility 
Bionchial washings should be searched foi mcmbiane slneds if no gioss flag 
ments aio obtainable 


Blood Tests —The immediate Casoni slim sensitivity test and the Wein- 
beig complement fixation test aie based on immunologic leactions If positive, 
then hydatid infection has piobably occuned, if negative, the disease is not 
luled out False positnos occui occasionally, especially ivitli the Weinheig test 
Wo use these tests lognlarly to obtain supporting evidence but the diagnosis 
eannot he based upon tliom in endemic areas In parts of the woild ivheie 
eelunoeoccosis is raio, a positive Casoni oi Weinheig would be moie useful 
Susinan,® quoting the expoiicnee of Dew and othcis, leports tJie immediate 
Casoni leaetion to be positive m 75 per cent of simple and in 92 per cent of 
complicated e 3 sts The Wcmlicrg test is less sensitive and is said bj the same 
aiithoi to be positive in 50 to 60 pei cent of cases Waddle” has reviewed 47f 
oases of piilmonarj' Imlatid which occuned in Anstialia and Xcu Zealan i 
ovei a 30 jear peiiod In pioved cases of hjdatid disease, tne Casom uas pr 
tive m 57 per cent, the Weinberg was positive in 55 per cent, and one or b i 
were positive in about 75 pci cent Oui limited experience with these two 
in piilmonaij echinococcosis in 49 patients is summarized as follows 


Casoni Neg , Weinheig Ncg U (22%) 

Casoni Pos, Weinheig Ncg 11 127%) 

Casoni Neg, Weinbeig Pos 11 122%) 

Casoni Pos, Woinbeig Pos 24 (29%) 


One 01 both of the tests vveic positive in There was 

feience in the peicentage of positive tests in ird eomoli'i *2 ^ 

mil cases 

Eosinophil count uas done m 61 cases i—v following's 


Noimal 

Abnormal 


0 4% 
5- 9% 
1015% 
>16% 


' 17 
i "Cesfe 
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patient with a complicated cyst is not as sick as one would expect from the 
appearance disclosed by x-ray studies and he may even have minimal or no 
complaints for long periods. 

The commonest symptoms of both simple and complicated cysts are cough, 
purulent sputum, hemoptysis, pain, and fever. The incidence of tliese com¬ 
plaints in our patients is shown in Pig. 3. It is important to note the high 
incidence of hemopt.vsis. Streaking of sputum with bright blood intermit¬ 
tently is most frequent but hemoptysis up to 100 ml. of Idood has occurred 
rarely in this series. Variations between these two extremes are not unusual. 
The chest pain is characteristically mild or moderate and localized to the region 
of the chest wall near the cyst. It ranges from pleuritic to an ill-defined dull 
ache. The fever occurs either in acute exacerbations with symptoms sugges¬ 
tive of respiratory infection or as a low-grade chronic pyrexia. It is coimnon 
for tlie symptoms of liydatid cyst to begin witli an episode suggestive of pneu¬ 
monia. It is surprising to find that fever has been so frequent in simple cysts; 



Pig. 4.—Diagrammatic representation of some typical x-ray findings (after D6y6). 

A, A tiny crescent of air may sometimes be seen beUveen parasite and peiicj'st. '' 
present it is practically pathognomonic but many cysts do not show this sign, doumo 

space may result when air enters a ruptured hydatid. C, A *‘water-lily'‘ sign is neoucnu> 
seen in ruptured hydatid cyst Tlic collapsed hydatid membrane scallops the air-fluul 
Taking Aims with the patient in lateral decubitus or other positions may aid in visualizing tne 
membrane. 


it should be added that the duration and intensity of fever is characteristically 
greater in the complicated cases. Tlie duration of symptoms pilor to admission 


in 62 patients follows. 

Simple Cysts 

Complicated Cysts 

< 6 months 

16 

id 

7-12 months 

3 

9 

> 1 year 

4 

10 

No symptoms 

6 

1 


Radiology .—Chest radiography is essential to diagnosis nnless the patieih 
actually coughs up a membrane. Deve'* has summarized the roentgeiiograpluc 
signs in a series of diagrams of which Fig. 4 is a modification. Where echmo- 
coccosis is endemic, clinicians are generally quite familiar with the radiologic 
appearance of the lesion and most cases are correctly diagnosed preoperative y. 
The simple hydatid appears as a sharply defined oval or spherical shadow o 
homogeneous density in the lung field and is easily confused with iuherculoma 
or neoplasm. The rounded shadow of a cyst may become oval on deep in¬ 
spiration (Eseudero-Nemerow sign). An even more suggestive finding, wicn 
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treatment in most cases. Onr results, to be discussed below, confirm this 
opinion. There are 3 phases of tliis operation deserving comment; (1) the 
exposure, (2) removal of the parasite, and (3) closure of the porioyst. 

1. Exposure: This is obtained by a wide thoracotomy using an anterior, 
lateral, or posterior (face-down) approach depending on the location of tlie 
cyst. All adhesions are divided so that the lung is completely mobilized. This 
permits positioning of the eyst in the middle of the operative field with careful 
walling-off of pleural space and wound by moist gauze. Also important, the 
lung surrounding the eyst relaxes easilj' to permit secure closure of the pericj-st 
and then expands freely to obliterate the space previously occupied in the thorax 
by the mass of the cyst. 

2. Removal of the parasite: 

a. Complicated cysts: If the membrane is collapsed and infected, then the 
scoliees will not he viable and no special precautions to prevent their implanta¬ 
tion are required. The parasite is easily managed by opening the avascular 
peripheral dome of the perieyst, extracting the macerated cyst membrane with 
sponge forceps and swabbing out the accumulated pus and debris with dry 
gauze. The interior of the perieyst is only mechanically cleaned and may then 
be closed as described below. 

b. Simple cysts: These must be handled with care in order to avoid spillage 
of liydatid fluid and scoliees with the danger of immediate anaphylactic shock 
and of delayed secondary cyst formation. At this stage of tlie operation, a quiet 
operative Add Is most desirable and the ancstlietist is requested to miuimize 
the respiratory motions, using muscle relaxants if necessary. The perieyst is 
carefully incised dotvn to the glistening white membrane of the hydatid which 
tends to bulge into the perieyst incision, especially if the anesthetist applies too 
much positive pressure. The opening in the perieyst is cautiously lengthened 
for several centimeters and the margins arc held up and apart by Allis forceps. 
Protective gauze packing is moved up to the edge of the perieyst incision. A 
22-gauge needle connected to a 3-way stopcock and syringe is insci’ted into the 
eyst while a fenestrated suction tip is held near the puncture site to catch any 
leakage of fluid. Usually from 10 to 30 ml. of hydatid fluid are a,spirated so 
that the cyst membrane relaxes slightly without collapsing. This fluid is evac¬ 
uated into a basin through a length of rubber tubing attached to the side-arm 
of the 3-way stopcock. Another syringe containing formaldehyde, U.S.P. 
(approx. 35 per cent formaldehyde) is attached to the 3-way stopcock. The 
formaldehyde is slowly injected through the needle which has remained in place 
held steadily by an assistant. The volume of the e 3 -st is estimated and the 
amount of formaldehyde is used which will result in a 1 per cent solution within 
the cj-st. This concentration should Inll tl\e scoliees in 5 minutes.' With th 
fine needle still in place to avoid leakage, 5 minutes arc allowed to pass at i , 
end of which time a second and larger needle (e.g., 1,5-gauge, 12 cm. lena-tii) 
is introduced carefully into the cyst the contents of which arc aspirated usins a 
50 ml. syringe and 3-way stopcock with rubber tubing attached to the sh:-’- 
arm. Again the fenestrated suction tip is held near the site of rmnehuv. in t>-* 
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Since intestinal parasites were very conunon among tlie patients of this 
series it is difficult to know the relation of eosinophilia to echinococcosis in these 
cases. Tlie eosinophil count is not very lielpful in differential diagnosis. 

TREAT2MENT 

Hydatid cysts of the lung should be removed when they are discovered if 
the patient’s condition warrants. Simple, asymptomatic cysts are no exception 
since they will grow to troublesome proportions and tliere is the ever-present 
danger of spontaneous rupture. Furthermore, surgical treatment is safe and 
prospects for cure are excellent. 

The various types of treatment carried out on our 62 eases are indicated 
in Table II. We have abandoned the method of marsupialization of the cyst 
to the chest wall followed by open drainage of the perieyst cavity since broncho- 
eutaneoiis fistula and residual abscess are troublesome secpielae. We would now 
advise one of the following 3 techniques of treatment depending upon the cir¬ 
cumstances of the ease: (1) pulmonary resection, (2) dissection of the peri- 
cyst, or (3) removal of the hydatid membi’ane and internal suture of the peri- 
cyst. 


Table II. Types op Treatment in 77 Pulmonary Hydatid Cysts Which Occurred in 62 

Patients 


OPERATION 

SIMPLE 

CYSTS 

C'O.MPLI GATED 
CYSTS 

TOTAL 

Marsupialization and drainage 

5 

4 

9 

Lobectomy 

1 

10 

11* 

Dissection of perieyst 

Evacuation of parasite and internal suture 

1 


1 

of perieyst 

33 

20 

53 

Nondescript 

2 

1 

3 

Total 

12 

35 

77 


‘Actually only 10 lobectomies have been done since, on one occasion, 2 cysts were re¬ 
moved in the same lobe. 


Pulmonary Resection. —It is rarely necessaiy to do a segmental, lobar, or 
more extensive resection for hydatid cysts because simpler measures suffice. We 
reserve resection for those cases in which sepsis in a complicated cyst has de¬ 
stroyed a lobe, produced neighboring bronchiectasis, or otherwise made it un¬ 
wise to leave behind the perieyst and surrounding tissues. This, fortunately, 
is not common. 

Dissection of the Perieyst. —In this technique, a dissection plane is de¬ 
veloped just outside the periej'st which is completely enucleated with the intact 
parasite. The bronchi opening into the perieyst and the defect in the lung are 
then closed with absorbable sutures. We have had little experience with this 
procedure but consider it most suitable for pei'ipherally located, simple cysts 
of 6 cm. or less in diameter. 

Removal of the Hydatid Membrane and Internal Suture of the Perieyst.— 
We have found this to be the easiest, safest, and most satisfactoiy method of 
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seems appropx-iate, until the pei'ieyst is securely obliterated. The original in¬ 
cision into the pericyst is finally and tightly closed with running or Connell 
sutures so that there is no air leak. The chest is drained with a tube brought 
out through an interspace and placed on water-seal. Postoperative care includes 
antibiotics and the usual methods to maintain complete expan-sion of the lungs. 

RESULTS 

Treatment in our cases was carried out by a number of different surgeons. 
In the past 5 years most operations have been performed by rnembers of the 
Resident Staff. There have been no operative deaths in the 62 patients who 
make up our total 10-ycar scries. 

The operation of hydatid evacuation and internal suture of the pericyst 
has been done all over the world for a number of years. Results appear to be 
satisfactory but detailed follow-up studies are still needed to complete the eval¬ 
uation of this procedure. Since we have used internal suture more frequently 
than any other technique, we liavc concentrated on obtaining follow-up informa¬ 
tion on its efficacy and will now report our findings. 

Forty-two patients witli 53 cysts requiring a total of 46 thoracotomies liavo 
boon treated by internal suture of the pericyst. There were 4 postoperative 
complications as follows; minor wound infection, 2; brouchocutancous fistula, 
1; and cerebral air embolism, 1. 

The bronchoeutanoous fistula consisted of a transient slight air leak through 
the site of a catheter which was sewn into the center of the obliterated pericyst 
cavity as a temporary drain. This was done in a few cases early in this series 
since it was feared that an undrained pericyst cavity might flare-up ns an ab¬ 
scess in the postoperative period. This fear has proved to be unfounded. The 
patient with the fistula left the hospital on the fourteenth postoperative day 
and the fistula closed spontaneously shortly thereafter without treatment. The 
cerebral air embolism was tlie only significant complication encountered and a 
permanent left hemiparesis has resulted. This compUeation is likely unrelated 
to the operation of internal suture since air may have entered pulmonary 
veins which bled profusely when an unsucce.ssful and quickl}- abandoned at¬ 
tempt was made to dissect out the pericyst. 

The duration of postoperative hospitalization required in 46 thoracotomies 
for internal suture is given in Fig. 5. The morbidity following this procedure 
has been satisfactorily low. It is necessary, however, to demonstrate that func¬ 
tional and anatomic results are equally satisfactorj^ before confidence in the 
internal suture method can be finally established. It has been stated that the 
pericyst cavity will not heal completely and that a residual pocket of variable 
size will remain to suppurate later.® Also, most surgeons when doing an internal 
suture for the first time on a complicated cyst have doubtless shuddered at the 
prospect of wiping the pus out of an infected pericyst cavity and then sewii u 
it up tightly. Unqxiestionahly, we have to thank the antibiotics for making iliis 
relatively innocuous. 

It has been possible for us to follow only 26 of the 42 patients on whom 
internal suture operations were done. Local conditions have made long-term 
follow-up difficult and many of our p.atients iv 
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cyst to pick up leakage, should it occur. As the hydatid cyst is decompressed 
it is possible with ease to open the pcricyst widely without fear of rupturing the 
membrane. The pericyst margins are held up and apart by Allis forceps” and 
the collapsing membrane is gently grasped with ring-type sponge forceps and 
lifted into an awaiting basin. Should leakage of fluid occur, the scolices will 
have been killed bj^ the 1 per cent formaldehyde which is itself of insufficient 
strength to be seriously toxic to the tough pericyst lining. “Formolage,’' as 
this procedure is called, is not effective when daughter cysts are present. 
In these eases one must rely on aspiration alone. Daughter cysts are lifted out 
along with other contents of the pericyst. A large kitchen spoon or ladle may be 
needed in these circumstances. If there is spillage of hydatid fluid in the 
pericyst, it may be mopped out with 1 per cent formaldehyde solution followed 
by saline sponging. If this is done carefully no formaldehyde ^vill get into the 
bronchial tree. 

It is fortunatelj’- unlikely that seoliecs spilled in the pericyst cavity at 
operation will easily take on this leathery, avascular surface Avhich inevitably 
becomes secondarily infected after internal suture. It is doubtless for this reason 
that Susman® and other Australian surgeons do not take the precaution of 
formolage when dealing with primary cysts of the lung but merely aspirate 
them and lift out the collapsed endocyst with surrounding tissues well pro¬ 
tected. We have favored formolage as an additional precaution which is simple 
to carry out. 

Barrett and Thomas^ are even more assiduous in avoiding hydatid fluid 
spillage. In primary simple cysts of intermediate size, they advise the removal 
of the intact parasite. This is accomplished by a wide incision in the pericyst 
from which the hydatid is gently expressed by the expanding lung and the air 
in the pericyst when the anesthetist increases the positive pressure. These 
authors used in the method successfully in 17 cysts. In 4 others the cysts rup¬ 
tured during the process of removal. AVe tried this procedure in 5 patients 
with ej'sts 10 cm. in diameter or smaller. In 2 cases the hydatid suddenly 
and unexpectedly ruptured while being eased out. In one of these patients, 
the spillage of hydatid fluid onto surrounding tissues coincided with an imme¬ 
diate drop of blood pressure which responded to vasopressors and was con¬ 
sidered to be an evidence of anaphylactic shock. Although it is very satisfying 
to get out the parasite intact, it is our impression that the danger of uncon¬ 
trolled spillage of hydatid fluid is great with this technique. For those not 
thoroughly experienced in judging the tensile strength of the cyst membrane, 
it is -wiser to use the less difficult method of aspiration. 

3. Closure of the pericyst; The objective is to obliterate the periej^st cavity 
as completely as possible with absorbable sutures. Chromic catgut (2-0) on an 
atraumatic needle is very satisfactory. The bronchial openings in the base of 
the cavity are individuallj'- closed if possible. In a large cyst it is rarely con¬ 
venient to close them all and it is unnecessary as long as the walls of the cyst 
ai-e well approximated. AVorking inside the periej^st cavity, deep bites in the 
pericyst wall are taken, purse-string and interrupted sutures being used, as 
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are inevitably lost. Tlie functional result in 26 followed patients is summarized 
in Table III. No patient had significant residual symptoms requiring treat¬ 
ment. We Icnow of no recurrences due to secondary cyst formation. 


Table III. Follow-up Results on 42 Patients Treated by Internal Suture 



SIMPI.E CYST 

COMPLICATED CYST 

DURATION OF FOLLOW-UP 

EXCELLENT^ | GOOD* 

EXCELLENT | GOOD 

<6 months 

4 

3 1 

y--! yi-. 

1 

2 

1-2 vr. 

2 2 

2 2 

>2 yr. 

3 1 

2 1 

Totals 

10 3 

7 ti 

No follow-up 

9 

7 


•Excellent—No symptoms. 

tGood—Occasional minimal cougli or chest pain. 



NUMBER OF DAYS 

Fig. 5.—Duration of postoperative hospitalization after 4G thoracotomies for internal suture 

of hydatid cyst. 

Anatomic results were checked in 20 of the 26 patients by bronchograra 
at a period vaiying from a few months to several years postoperatively. In 
patients the cysts were simple and in 8 cases they were complicated. The find¬ 
ings follow: In a total of 20 patients tliere was no residual cavity or bion- 
chiectasis in 17 patients; minimal residual localized bronchiectasis in 1 patient, 
and residual cavity, 1.5 cm. diameter (Figs. 6 and 7), in 2 patients. 

In the 3 patients showing slight residual changes on bronchogram, the cysts 
were complicated and in the lower lobe. One of the patients (with lesi ua 
1.5 cm. cavityO occasional cough and the other 2 have no symptoms. 

In conclusion, our studies confix-m that internal suture of the periejst is 
safe and effective. We could wish for longer and more complete follow-up o 
our patients and hope by continuing observation to arrive at a more | 

evaluation of this problem in the future. The method is appheab e o 
simple and complicated cysts. Even large hydatids can be we o i exa 
shown by Pig. 8. Fortunately, tlie procedure is technically easy and a 
maximum presexwation of functioning lung tissue. 




hvdatid crsT 


or LUNG 


Volume 35 
N imber 6 




792 


SROUJI, MULHIM, AND WILSON 


J, Thoracic Sure. 
June, 1958 







PANCREATIC PSEUEOCYST OP THE ]MEDIASTINUJI 


Roy II Clauss, H D ind E wm W "Wilson, 51D 
New York, N Y 

INTRODUCTION 

I T IS the puipose of this pieseiitTtion to lecoid the lare instaiiee of pseuctocyst 
of the pancieas presenting as a tumoi of the mediastinum, and to discuss 
its diagnostic and theiapeutic considerations 

C\SE REPORT 

Ilisto\y —A 41 ye'll old mariicd, used tire dealer entered the Ivospital complaining 

of nudback pam and easy fatigability of 6 •necks’ duration Tiie pain nas niUd, Tccurrtd 
almost daily, lasted several hours at a time and nas unrelated to meals or t^pe of food in 
gested On some occasions exercise relieved the pain 

At the onset of his illness 3 months earlier the discomfort was different Ho experienced 
sharp, anterior left chest pain radiating through to his mid back and to Ins sliouldcrs It 
was more intense with deep broatlung This pam disappeared m 24 liours An elcctrocardio 
gram taken at the time was normal Tliere was no recurrence of this type of chest pam Later 
that month an attack of left flank pam was 1 elievcd to have been the result of a renal calculus 
A stone was not found at cystoscopj 

There were no complamts of cough, night sweats, fcier, sputum, or hcmoptjsis There 
was no precordial pam with exertion and no syniptoms involving tlic upper c\trcniiti(,a Ho 
reported that ho liad lost 35 pounds over a period of 7 months 

In reviewing the past history, tlio patient leportcd that 3 jears earlier, after a night of 
heavy drinking, he had been admitted to another ho'spital with severe epigastric pam, nausstv, 
and vomitmg After x ray studies, emergencj surgery was performed The di'^eliargt di ig 
nosis was perforated peptic ulcer Following this procedure, he had had no gastrointestinal 
symptoms or recurrence of epigastric pain 

His habits included moderate daily alcohol intake, primarily whiskey, 1^ packs of 
cigarettes daily, and no medications Ho reported no food intolerance or allergies The family 
history was iioncontnbutory 

Thysical ExamtnaUon —^The patient was a well developed, well nourished, ambulatory, 
white male in no acute distress Blood pressure was ICO/lOO ram Hg, temperature, 

F, pulse, 88, respirations, 20 Examination of the chest revealed a palpable friction rub 
over the left lower chest, anteriorly, along with tenderness to percussion over the tenth 
to twelfth ribs in the left midaxillary line Ihis rub was not elicited after admission 
There were no other adventitious sounds The heart -was normal The liver was not pal 
pablc There was a right upper quadrant scar The remainder of the physical examination 
was within normal limits 

Laboratory and Xray Data —Detailed hematology, blood chemistry, urine and stool 
studies were normal with the exception of the sedimentation rate of 34 mm per hour 

From the Surgical Service New York Veterans Administration Ho''pilaI New Xork N \ 
Received for publication Dec 9 1957 

•Present address Peter Bent Brigham Hospital Boston Mass 
••Present address 167 Purchase Street Rye N \ 
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SUMMARY 

During the past 10 years, 62 patients with priinaiy hydatid cyst of tlic 
lung have been treated surgically at the American University Hospital in 
Beirut without mortality. 

Although a variety of procedures have been carried out, interest in recent 
years has been on treatment by internal suture of the pericyst after careful 
removal of the parasite. 

Fortj^-two patients have had cysts treated in this manner with low mor¬ 
bidity and minimal complications. Pollow-up examination of 26 of these pa¬ 
tients disclosed that none had significant residual symptoms. Bronchograms on 
20 of them showed that only 3 had either slight localized bronchiectasis or 
minimal residual cavitation. 

Long-term follow-up of greater numbers of patients treated by internal 
suture is necessary before a thoroughly objective study of this method of 
treatment will be completed. However, on tlie basis of present evidence, it is 
justifiable to recommend internal suture as suitable for r.jost hydatid cysts of 
the lung. 

The assistance of Miss Batishwa Budawi, School of Public Ilealtli, American University 
of Beirut, is gratefully acknowledged. 
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X-rajs of the chest revealed a large, globular soft tissue mass in the loner medias¬ 
tinum posteriorly, located above the diaphragm on both sides of the spino. Repented clicst 
x-rajs proved that the mass was increasing in size (Pig. 1). Esophngrams wore negative 
for intiinsic lesions and diaphragmatic herniac. There was deviation of the osopliagtis 
to the left without impingement upon its lumen. Tiic gastrointestiiml series sljoncd the 
duodenum to be irritable with n pressure defect noted within the duodenal sweep whicli 
was in itself not enlarged. Angiography did not opacify the aorta sutficicntly to (lelineato 
the vascular structures from the mass. However, thoracic aortography clearly sJjowed the 
aorta to be deviated the lesion. A bone survey was negative. 

Operations.—The preoperativc impression was cjstic tumor of the posterior incdius- 
txnum. Exploratory thor.acotomy was carried out through the bed of tlio riglit eiglitli 
nb. A supradiaphragmatic cystic lesion, S by 5 by 4 cm. was found to the right of the 
lower third of the esophagus. It was densely adherent to the posterior aspect of the peri¬ 
cardium, and a portion of the ej’st extended belour tho diaphragm, through the aortic 
hiatus. The cjst contained thin, muddy-brown fluid, small gray amorphous particles, and 
an amylase content of 3,050 units. The supradiaphragmatic component of tfie pseadocyst 



p,g 3 _R.'t'' -1 ancrcato^ram taken on th*- fourtcy^nth ratl %day ((.Ij ant^ro- 

po'tenor and (/?! lat'^ral 


was exci-ed The ‘•ub’Iiaphragtaatic extenstoa wa<« clo*‘»d around a No. IS Fotvy <*athct<*r 
hv means of a purse string suture, t’rohon {30 p<»r cent) wa^ instilled through fh#* rath^- 
ter and vs'- vj-ualized in the region of the tail and >>ody of th«» paner<’3S {Fig. 2). A diag¬ 
nosis or pancreatic p5eudoc%'t with inedia«tjaal \va.s mad#*. Tran'^duod^n.al 

«phirn.ttT'• jn was decided upon. The thorax ws« oIo»^d in Ia;.er-'. TIi** Foley oath^^tfr 
and interoo'-tal tube were brought out la tee raidaxillar;.' li'it*. 

The eoaditton of the patient afrer turning him onto his bo'^k perrnitt/>d al^lomina! 
exploration and delimtive therapy. An ample app<»r abfIoini.naI right r€"?t^-'’''**rio.»i -ra* 
made- There wa^- no free fluid in the p^^riloaeal cavity. The gall bl -in,] 
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Fig. 1.—A prooperative chest x-ray demonstrating a mass in the posterior, inferior mediastinum. 






■Retrograde pancreatogram, taken during right thoracotomy, and tlie 


J^’ig. -i .—Ketrograde pancreatogram, taiten aurmg rignt , .j 

diaphragmatic portion of the pancreatic pseudocyst and the dilated duct or 
body of the pancreas. 
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pancreatic rSEunOCYST or MEniASTlNUAt 


symptoms, if any, and the x-ray appeai'ancc of a dense rounded piirns|iiiiid 
mass with a sharp border and, rarely, bony crosioiv of I be rib or enlarpteiiieiil 
of the intervertebral foramen. Esophageal neoplasms, c])ipbrenic div(‘i (ienla,“ 
and hiatus herniae frequently ate suspected by symptoms and eonfirmed liy 
barium meal contrast x-ray studies. They appear on the leC( .side. I’neiimo- 
IJeritoneum may help differentiate diaphragmatic defects and heiniation of 
abdominal viscera. Gastroenterogenous cysts,’ duplications of llio alimentary 
tract,’ meningocele,’ sequestei-ed lung," lipoma, pheochmmoeyfoma,’ and dis¬ 
placed kidney® are rare and tend to chide definitive diagnosis preoperatively, 
despite studies of knoivn parameters. 

Teratomas occur anteriorly' Pericardio-coclomio cysts" ate r.iie, espe¬ 
cially posteriorly. Tuberculous adenitis is usually in the Iiilar i ogion, T'umoi s 
of lymphoid tissue are likelj' to have coexisting enlargement in the niori' 
classical locations The raie mesenchj'mal tumors (hemangionia, lympli- 
angioma, pericytoma) dt ts diagnosis prior to histologic study. Aortic iineii- 
ry.sm usually appears on the left side and may ho visualizctl with contras! 
media.'"’" Exotic hepatic infections" usually have abdominal findings, fatng 
tumors suggest thi diagnosis by history and endoscopy. 

Psoudocysts*' of the pancreas arc considered following tlie Iiistory of le- 
eurrent pancreatitis ss-ith epigastric and/or hack .symptoms, iind an epigastric 
mass oi inconstant or onlarging.sizc. Pscudocyst of the posterior meiliaslimtm 
is likel. to elude diagnosis unless an abdominal conpionent of llie pscudocyst 
is recognizfd Definitive diagnosis follows dcmonstiation of pancreatic en¬ 
zymes m th fluid and communication between pancuas and the mediastiiml 
mass’ Thi i 'n t reported heie lacked the classieal history of paiiercatitis 
and h 1 no a! ho -a! mas-s. The s-uec'ss-ion of chest pain, flank pain, and 
hack ii’i mj} ’■<.>' ir. lieated extensions of the pscudoeyst. 

\ < puncTuif of a mediastinal mass is ill advised if the mass contains 
tumo * d tissue, rspeeiallr when the; pos.sibiIity of transgr'ssing the 

pleura -r Injecting contrast me-dia is not'.vilhoiit hazard of e.xtrav- 

asatioi < ” teu, into the subslural s-pace). Aspiratrd fluid of hiuh 

amvlasi ' ' " * specific for panere-atitis. It has h'f n found in pb oral 

effu-sions ■ .sti , -imary earcinoraa of the lun^, and retroperitoneal 


primarx arcl -f 


r'onel.srv tumors imz’Vns the- thoraeje eltiet. 


■Whec i'‘ r-ture of ihe ine/3ia.s-{inal ws'-t re-icains in rlemhc after appro¬ 
priate sludn ' ' nora' otomy Is ineUe-.ated for diagne,-Is an<I the-rajev. 


If the diaenosis e,i parie-re-alJe fesemloe-. js rnsiJ" fhronah pr'iiniriaty 
studies, sairgical treatment appears man'1at<ery to rererv; t).e p.-e^e-, of 
mr-nt of tiie P cuele,e-y-d, an'l to r'lieve syr-iptom,-..'* In the p.-e-yr.t ea-/'. ab¬ 
dominal surgery v.out-l hare- r e>e-, j-y-rfo.-meeL 

One jihibeeiphy of tlgtspy a-r.vente-, sjri.ire-tere.tomy'e. 'v to < if.-.-.ie.ate 
rneeha-nieial faedors h' fie veel to be p.-ovreeative- of ree-urre.-iT -eatiti,, a-T' 
ine natural rout<; infe rnal 'Irafeage r,z the eyn by the e 
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duodenum were normal to palpation. The pancreas was harder and more nodular than 
normal. Exploration of the lesser sae revealed no evidence of a cyst. The Eoley catheter 
could be palpated retroperitoneallj'. A transduodenal sphincterotomy was performed, fol¬ 
lowed by cholecystectomy. A polyethylene tube was threaded up the pancreatic duct and 
dj'e was injected for a pancreatogram. The pancreatogram was imperfectly performed. 
It was not possible to delineate communication between the cyst and the pancreatic duct 
system. The distal end of the polyethylene tube was then passed up the common duct and 
brought out through the cystic duct stump. A short limb T-tube was inserted into the 
common duct and brought out through a stab wound with the pancreatic duct catheter 
and with the Penrose drain placed at the foramen of Winslow before closing the abdomen 
in layers. During the 5-hour pioceduies, 1,200 c.e. of blood and 1,000 c.c. of 5 per cent 
glucose in uater were given. 



Fig-. 4.—Cliest x-ray one year after removal of mediastinal mass. 

Postoperative and Follow-Up Courses .—The patient did well postoperatively. Ihe 
pleural drainage tube was removed on the third postoperative day. 

There was little drainage from the Foley (pseudocyst) catheter or from the pancreatic 
duct catheter. X-ra3's of simultaneous injections of contrast media through these catheters 
show’^ed no residual pseudoej'st, and no dilatation of the pancreatic duct sj'steni, as la 
been noted the daj^ of surgerj-- (Fig. 3). These catheters were removed. T-tube cholangiog 
raphj- showed no reflux into the pancreatic duct. The T-tube was removed. 

The patient has been seen periodicallj' for 14 months since surgerJ^ His onij" 
tom is fatigue. His appetite is normal. His diet is not restricted. His w'eight is stea } 
at his normal 105 pounds. The phj'sical e.xamination is normal except for w-ell-hea 
scars. His history, phj'sical examination, and gastrointestinal x-rays give no indica ion 
of recurring pseudocyst (Fig. 4). 

DIFFERENTIAL DIAGNOSIS 

In the list of tumors of the posterior inferior mediastinum^ 
nioina and the less common ganglioneuroma, which are characterized y 
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forms of surgical therapy still enjoying jjopnlarity employ internal drainage 
hy “cyst-enterostomy,”^® or external drainage. A disadvantage of the latter 
is the electrolyte loss. The disadvantage of both may he the failure to obviate 
recurrent pancreatitis. 

Technical considerations influence or compel certain surgical actions. Ex¬ 
cision may or may not be possible. Tlie i-eiropei'itoiieal portion of the pseudo- 
cyst may be of insufficient size to permit entcroanastomosis. External drain¬ 
age may be a mandatory safety vahm. 

DISCUSSION 

In this reported case, excision of the bulk of the mediastinal mass was 
begun as definithm treatment but was abandoned when partial exci,sion re¬ 
vealed the extent and identity of the pathology. External drainage was em¬ 
ployed as a safety valve and as a patlnvaj’’ for ])ostoperative dye injection 
studies. Sphincterotomy was elected to relieim the pancreatic duct obstruction 
believed responsible for recuri'ent pancreatitis and the pseudocyst. The ab¬ 
sence of a palpable retroperitoneal mass precluded entcroanastomosis, had it 
been considered desirable. Cholecystectomy was performed prophylactically.’® 

All procedures were performed the same daj’", under the same anesthesia, 
to effect definitive treatment. The diagnosis a])peared clear. It was believed 
that additional helpful data could not be obtained by other studies. The satis¬ 
factory condition of the patient before and during surgery, including turning 
the patient from the lateral to the supine positions, permitted this. 

The immediate postoperative course, the 14-month sequel of well-being, 
and the radiographic evidence suggests that sphincterotomy was well chosen 
as therapy for this patient’s problem. 

SUMMAKY 

The case of a patient with a pancreatic pseudocyst of the lower posterior 
mediastinum is presented for consideration in differential diagnosis of symp¬ 
tomatic lesions of that area. The history and physical examination did not 
suggest the diagnosis. 

Treatment consisted of transthoracic excision of the bulk of the cyst, and 
transduodenal spliincterotomy through a separate abdominal incision. Ab¬ 
dominal operation for internal drainage Avould have lieen performed if the 
nature of the lesion had been known preoperatively. 

The differential diagnostic possibilities and methods have been discussed. 
The nonspecifieity of fluid amylase content is emphasized. 
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Fiff 1 pfgr 2 

Fig 1—Preoperatue posteroanterlor roentgenogram o£ the chest 
Fig 2—Preoperathe lateral roentgenogram o£ chest 



Fig 3 Fig 4 

Fig 3 —Lotv power \lew showing proliferative flbroblasta with an admixture 
matory ecu'? and blood vessels 

Fig 4 — V more detailed \lcn of the pleomorphic 




lesion 



POSTINFLAMMATORY “TUMOR” OF THE LUNG 

Report op a Case Simulating Malignant Thyimoma 

WilliajM R. Sweetman, jMajor, MC, USA, Lawrence J. Hartley, Captain 
USAF (MC), Albert J. Bauer, Lieutenant Colonel, MO, USA, and 
John ]\I. Salyer, Colonel, MC, USA 
Denver, Colo. 

A cute lower resplratoiy infections are oceasionallj^ harbingers of serious 
intrathoracic disease. Tims, many otherwise silent and unsuspected 
pulmonary lesions become available to roentgenologic scrutiny. There is, 
however, a rather rare grou]) of postinflammatory lesions of the lung, aptly 
described by Umiker and Iverson,^ Avhich is easily confused both clinically 
and pathologically ivith neoplasm. 

Herein is reported a ease which presented as a rapidly growing neoplasm 
of the upper lobe of the right lung and was considered a malignant tumor on 
the initial pathologic examination. 


case report 


A 3%year-old boy was considered well until lilurch 25, 195G, at which time he be¬ 
came acutely ill with a productive cough accompanied by a temperature elevation be¬ 
tween 102° and 103° F. Treated initially as an outpatient, he M'as admitted to a Station 
Army Hospital on IMarch 29, 1956, because of continued symptoms. Admission roent¬ 
genogram of the chest revealed a large dense shadow localized to the upper one-third of 
the right lung. He was diagnosed as having pneumonia and treated with penicillin and 
streptomycin. 

Physical examination revealed an acutely ill child ^vith a productive cough, fever 
of 102° F., and rather enlarged subinaxillary and axillary lymph nodes. There were dull¬ 
ness and tubular breath sounds over the upper anterior and lateral portion of the right 
chest. Initial antibiotic therap}- was considered ineffective. Bone marrow, and routine 
laboratory studies were not helpful diagnostically. He was therefore transferred to Fitz- 
simons Army Hospital on April 3, 1956, for further evaluation and treatment. 

The plysical findings on transfer revealed a pale, acutely ill boy, coughing frequently 
and productively, with a temperature of 99.8° F. There were diminished breath sounds over 
the right anterior chest with slight but significant bulging in this region. No mediastinal 
shift was observed. 

Chest roentgenograms taken at Fitzsimons Army Hospital and compared with those 
previously taken revealed an enlarging deJisity in the anterior right chest continuous with 
the anterior superior mediastinum (Figs. l and 2). Diagnostic intravenous urogram shoved 
no abnormalities. The admission blood count showed 6,800 white cells with 70 per cent neu¬ 
trophils; hemoglobin 10 grams; hematocrit 31; and the sedimentation rate was 53. 

It was the impression of the staff that this patient had a rapidly growing malignant 
neoplasm involving a large part of the right upper pulmonary lobe and upper anterior 
mediastinum. Therefore, after blood transfusion, a right exploratory thoracotomy was per 
formed on April 7, 1956, at which time a large firm lobular tumor was found extending from 
the superior and anterior mediastinum into the right upper lobe which it largely rep ace 


From the Department of Surgery, Pathologj' and Radiology. Fitzsimons Ar i y 
Denver 8, Colo. . „ office 
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daj3 to Slay 17, 1956 The patient received 6 treatments a neeh, u<nng 250 kv, directed 
through 5 by 6 cm anterior and po‘»terior fields covering the hilar areas and the superior 
mediastinum Alternate fields recci\ed 200 r air daily for a total air do^e of 2,800 r per 
field The skin dose v.as 3,780 r, and estimated tumor do«e nas 2,084 r Fourteeti treat 
ments were given to each field The skin reaction was mild on the completion of therapy 

The patient was followed at regular inter\ala The last visit was one jear after surger} 
at which time he was cntirclj free of evidence of recurrence, was in. excellent health, and 
growing normally (Fig 5) 

Final Fathologio Diagnosis —Following reconsideration of the pathologic specimen, 
the diagnosis onginall} entertained was replaced lii that of “postinflamniatorj tumor of 
lung and anterior mediastinum ” 


DISCUSSION 

Postinflammatory tamois of the lung as picMOnsly desciibed, aie chaiae 
teristioally solitaiy, oireumseribed, and of uniform density vaiying flora 2 5 
to 7 cm m diametei ' ' They haie been located in the paieiicliyiiia of the 
lung m the raajoiity of eases but have been found in the pleiiia,^ niediasti 
nura," * 01 been picsent m all 3 locations as in ran case Pievioiis leonnent 
01 eoneuuont lowei lespnatory infections have been piesent in most patients 
Acute febiile pnlmonaiy infections progiessing eoncomitantly inth such tii 
11101 foimations are lelatively raio Uniiker and Iveison desoiibe hut 2 of 
their 7 cases as oeeurting in this inanuet Othei cases have had fiee iiiteivals 
of from 2 months to 22 yeais befoic the pulmonary lesions iveie found and 
identified 

The age distribution has varied fiom 3 to 61 years ^ ’ 

Evidence foi the hemgiiity of these pseudotumors has lieen then failnie 
to reeiir The youngest patient has lived 8 yoais inthout leappeaiaiioe of the 
tumor 

In seems piobahle that an iinresolving pulmonary oi mediastinal density 
01 one enlarging, as in oui case, immediately following an acute lowci respiia- 
toiy infection, especially iii the youngei age group,’’ is an impoitaiit clinical 
featnie and should lead one to suspect a postiiiflaramatoiy tumoi 

The histologic featuies of these lesions include a piolifeiatioii of fibto 
blasts uith or without pi eduction of conspicuous collagen, foimation of 
numerous small vasculai channels, and an admi\tnre of infiammatoiy cells, 
chiefly plasma cells 'Vaiiable degrees of hemonhage may oecui and foam 
cells may become pioniinent In lepoited cases there is a eonspicuoiis lack 
of mitotic figures 

Because of the pleomoiphic pattern and the quantitative vai lability of 
the components, \arious diagnoses have been applied to these lesions They 
have frequently been mistaken foi saicomas' ' Diagnoses of fibroma, fibrous 
xanthoma or xanthoma have been cntcitamed when the appropiiate eompo 
nents piedominate' '' It avould appear that the quantity of xanthomatous 
elements are moie closely lelatcd to the dogiee of hemonhage than othei 
factois, thus pioducing a tissue lesponse similai to that obsened in a deimato 
fibroma of the cutis ’When plasma cells are a feature, the diffci entiation fiorn 
a plasma cell neoplasm may be difficult Many of the plasma cell granulomas 
of the lung and mediastinum as lepoitcd in the htoiat uh eai to h 
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There were numerous succulent nodes about the hilus and frozen section of tliese revealed 
no tumor. Frozen section of the tumor, however, was interpreted as showing a malignant 
neoplasm. Grosslj”, it was possible to remove the entire tumor together u-itli the right upper 
lobe and most of the thymus which appeared to be involved in the pathologic process. 

Patholoffio Eeport .—Grossly the tumor mass measuied 10 by 7 by 5 cm. The specimen 
was rubbery and, upon cut section, exhibited a uniform grayish-white granular appearance 
with small inconspicuous areas of superimposed hemorrhage. Extension had occurred through 
the pleura from the parenchyma of the right upper lobe and irregularly into the mediastinal 
connective tissue. The thymus gland was immediatel}' adjacent to the tumor but. grossly 
uninvolved. Slightly enlarged regional nodes presented a normal pattern. 

Microscopically, the tumor was composed predominantly of a proliferation of closely 
situated spindle cells with oval, vesicular nuclei arranged in irregular interlacing strands or 
whorls. In more cellular areas, inconspicuous fine collagen fibers and numerous but incon¬ 
sistent capillaries were formed. Infiequcatly, production of dense collagen was seen in areas 



I 


Fig. 5.—Postoperative posteroanterior roentgenogram of tire chest one year after opeiation 

of lesser cellularity. An admixture of plasma cells, lymphocytes, and neutrophils were scat 
tered throughout. Many of the plasma cells were immature as evidenced by enlargeineiit 
their nuclei, a homogenicity of nuclear chromatin, and loss of the eccentric position o les 
nuclei. A reticulum stain exhibited moderate numbers of wavy fibers which 
split longitudinally, showed no lateral branching, and passed between cells. IMitotic gu^^ 
were rare, occurring approximately one per high-power field. Masson's tiicluome s • 
sented an equivocal reaction. Russell bodies were not identified, and foam cells 
(Pigs. 3 and 4). The pathologic diagnosis of a thymoma was entertained. 

Postoperative Management and Course .—^Thc patient made an unevenHul 
Because of the initial pathologic diagnosis and upon the recommendation of t le ^ 
a couise of x-ray therapy was begun on Api’il 16, 1956, and extended over P 



SOLITARY BRONCIITiVL POLYPS OP INFLAJMiLVTORY ORIGIN 
A Report oi Two Cases Trevied by Oppbuion 
J & \LrK, j\I D, S Pazdebka, M D , and P Z Ik, !M 0 
Prague, Czechoslovakia 

P olyps aie commonly found in the nose, tlie laiyn\, and the tiachea A soh 
taiy iiohp in the bionchus is, howc\ci, \ei\ i.iie Bcdnai,- Foiuestici and 
associates,* and halek and cowoikus® icpoitcd isolated cases and Leeocui (cit 
rouiestici) emphasized that in some thousands of bronchoscopies he had met 
uitli only one case This low latc of incidence is confiimed m oni chnic whcic, 
during tlie last 10 itais, ue li uc had only 2 cases oi solitaiy bionehial polyp 

eVSE REPORTS 

CvsE 1—\ r, i. 01 yi.'iroUl worker, stated tint Jic Ind filwnjs Ijclii Iic'ilthj, but tint 
10 yL irs prcMoudj in iiiitituo jough hid dcveloptd With a bmill quiutity of mucous cx 
pcctoration \rij c^iumi Uion earned out 5 jears liter did not show any significant 
ahnornnht} in the lung About 1 ^c•l^s bcfoic iduucs-ion, lie dcicloped pain ju the back and 
the X ra} o\ammatiou at that time “howed a chionic bronchitis, Liuphyscma of tho lungs, and 
pleurisy With a smill effusion in the right co^tophicinc angle He Imd recently been losing 
weight No hemoptysis had ociuired 

\ ray on iwunatiou ou idiwi<5Siou jii 1052 showed an opacity m the right suiiradi e 
phr iginatic field due to atelectasis of the middle ind lower lobes of the right lung 

Broncho'seopy rcicaled in the bronchus intermedins a smooth, globular, pink, soft, 
easily niovablo tumor, tho size and sliajic of a sm lU cherrj V biop'iy was taken and showed 
on histologic examination, only frigmciits of bronchial mucous membrane and infianim itory 
exudate 

A right thoracotomy on Jul} 18, ll>o2, divclo^^ed atelectasis of the middle and lower 
lobes with numcrems adhesions to the pinctal pleura In the lulus, soft, modiratcly enlarged 
Ijinph nodes were found Tlie inuldle and lower lobes were resected and, when tlie bronchus 
mtermedius was incised, a junk, lobulir, soft tumor, the sire of a cherr>, protruded from 
its lumen 

The immediate postopei itiic couiso w is iincieiitfu! and ou review, 4 trs iftcr open 
tion, lie appeared to be peifcctlj well 

The examination of the ‘ipecimen ren ilcd a mas*?, 2 by 1 5 bj 13 cm, inside the 
bronchus inteimedius where it w is itfaehed by i lelatnely Urge pedicle to the iiintr w ill of 
tlie bronchus clo'*e to its origin iiul neirly oblitcntiiig its luiinu The vurfacc of the tumor 
u is papill irj , some of tho pipill ic were rugged, caulifiower like, while others showed smooth 
and globular form (lig 1) Tho tissue of tho middle and lowt,r lobes was tho seat of 
chronic nonspecific pneumonia and w is pirtly necrotic 

Histologic ilh the tumor hid i iciiotis and fibrous 'stroma with some elastic, fibers In 
its central portion, deposits of f itty tissue were foim 1 (1 ig 2) The stroma was per 
meated by lymphocytes and plasma cell's, esptci illy iie ir the ‘surficc of the p ipiUae The 

From the Second Surtlcal Chnic and the Fli^t and Second Institutes of Patholoe^ of 
tlie Charles Unhersltj Prni,ue 
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iiieluded in the subject under diseussionr* Some of these have involved 

lymph nodes as well as pulmonary tissue with partial or complete replace¬ 
ment of the nodal architecture. They may contain abnormal and juvenile 
foims of plasma cells indistinguishable per se from cells of multiple mj^eloma.^^ 
The relationship of the plasma cell granulomas of the mediastinum and lung 
to plasma cell lesions of the upper respiratory tract is still not comidelely 
settled. The true plasma cell neoplasms consist of a solid growth of plasma 
cells without inflammatory phenomena of vascularity, collagen prodiiction, 
and infiltration of varieties of other inflammatory cells.^- The presence of 
Kussell bodies in inflammatory lesions and their absence in neoplastic lesions 
has not proved a relialjle criterion of differentiation.” None of the plasma 
cell granulomas presenting primarily in the lung oi- mediastinum have de¬ 
veloped nmltiple osseoius le.sions of multiifle myeloma. 

SUMMARY 

A clinical ease of a 3i/l-year-old white boy is reported with the diagnosis 
of postinflammatory tumor of the lung and mediastinum. The gross appear¬ 
ance and extension of the process in the upper lobe of the I'ight lung to the 
anterior mediastinum, in our opinion, gave ample justifleatiou for the extirpa¬ 
tive management of the poorly delineated “tumor” which was initially diag¬ 
nosed pathologically as being a malignant thymoma. Postoperative deep 
x-ray therapj’', approximating that amount usually given in the treatment of 
radiosensitive malignant neoplasms of the lung and mediastinum, was given 
prior to arriving at the apparently correct pathologic diagnosis. (Irradiation 
therapy is not recommended foi- such “pseudotximors”.) The patient is grow¬ 
ing noi-mally and is asymptomatic without roentgenograpiiic evidence of re¬ 
sidual pulmonaiy, pleural, or mediastinal involvement over one year after 
surgical removal of this uncommon and poorly understood chronic iiiflam- 
matoiy lesion. 
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Pte. 2. 



Pig. 3. 


FJff 3.—Ca«<o 1 TJie pe<llclc of tlic bronchial iKiljp (hem itoxyUn-pos^n-o^nstic: X22). 
Flff 3—I. The surfnci‘ ot polyp covorcil ulth stiatlflcd ciliated columnar epi¬ 
thelium Cbeniatoxj lin-eosin; X290). 
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surface of tlie tumor was covered with ciliated coluiniiar epithelium (Pig. 3). The wall of 
the lu-oiichus to which tlie tumor was attached was dill'usely alTectcd by chronic inflamma¬ 
tory changes. 

The bronchial glands were distiuctlj' enlarged. 

The liistologic findings led to the conclusion tliat this wa.s a ca.se of c.\ticmc hyperplasia 
of bronchial mucous membiaue of inflammatory oiigin. 

Case 2.—In A. P., a 3C5-yeai-old blacksmith^ Ihcie developed, 5 years before admi.ssion, 
a dry cough with some mucou.s cxpectoialion, followed in 1952 by dyspnea and pain in the 
left chest. X-iay examination in 1954 revealed only a slightly increased opacity of the left 
lung. Bronchoscopy, carried out in a sanatorium in 1955 demonstrated a tumor in the left 
main bronchus. A fibroma or neurofibroma of the bronchus was suspected. With this diag¬ 
nosis the patieiit was admitted to the hospital. In 8 or 9 months i^rior to admission ho had lost 
S Kg. in w'eight. There had been no hemoptysis. 

X-ray examination, tomography, and bronchogiaphy revealed a .slight diffuse opacity of 
the whole of the left lung, caused by a paitial obstuiclion of the main bronchus by a tumor 
within the bronchus. 



Fif?. 1.—Case 1. Tlie niiilUle ami lower lobe of the rielit lung. The lumen of resected 
bronchus it, closed b> the inlUinmiutory bronchial polyp. 

Brouchoscopy revealed in the left main hronchus, about 2 cm. below tlio carinu, a 
smooth, globular, peduiieulated tumor, the .size of a cliorrj", attacliod to the posterior wall 
of the bronchus. Macroscopically, it appealed to be a lipoma. 

Histologic examination of the bronchoscopic specimen, consisting of a part of tiio 
hypertrophic bronchial mucosa (Pig. 4), show'cd tiuit to a huge o.xtcnt it was coveiod on 
the surface with proliferating, evidently metuiilastic squamous epithelium. The lamina 
propria of the mucosa was very thick and edematous, containing some isolated, foamlike 
macrophages. In some places the interstitial tissue gave a slightly positive histocheraical 
reaction for mucus. Tlie liistologic findings in the bronclioscopic specimen suggested an 
iiiflamiiiatory polyp originating in bronchial mucosa with myxoid degcuoration. 

At operation on July 7, 1955, a slight diminution iu aeration of the left lung was 
found. In the left main bronchus, a soft tumor W'as palpable. Bronchotomy was carried 
out and an oblong, pink, lobular, well-cireumscribcd tumor was found, which was attache 
to the wall of the bronchus about 1 cm. above the origin of the left upper lobe bronchus 
by a slender pedicle about 3 mm. in diameter. The tumor nearly closed the lumen of tie 
main bronchus and extended into the upper lobe bronchus. The pedicle was excised toget ler 
with its bed, tlie mucus was aspirated from the broiioliial tree, and the bronchus suture . 
The lung re-expanded very well. 



Volume 35 
Numbir 6 


SOUTAKY BRONCHIAL POLYPS 


811 


Fig. G. 



Fig. 7. 

C — 2, Tlw* bronchia! p<>l>uu'« li covctihI s%3th ♦ohu-nnnr in'J ."/ruftmotK orii- 
r um (mutjcarniinc*; VoQ). 

big. 7.—Case The columnar and squamous epithoUum on the surface ot doIvdus 

t HI itoxjHn-eosin; X30). 
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TJic piticnt rcLO\trc(l iml a ‘subsequent broin iknionsti itcd 'ultqn itc p itenc^ 

of tilt ni'iiii bronchus, thtit n \s no icturrtnco of the tumor 

TIio tumor mensured 40 by il by Id nim (Fig 5) ind wns of a grajisli uJiito toloi, 
with a rough surface, and of soft cousiatenc} with pink icd deposits on tho cut surface 

Jficro'jcopic examination ro^ealed a sparse, fibrous stroma ulucli on tlio surface u is 
covered partly by ciliated column ir epithelium (Fig 6), but mostly by metaplastie, stratified, 
squamous epithelium (Fig 7) Somo parts of tin, stroma contained large numbois of fine 
collagenous fibers nith small groups of sitltroph tges Around tho dilated \eins there i\as 
i round ctlkd inflammatory infiltration (Fig S) &oiut <50ction& nerc very eckmatous and, 
in pUccs, signs of mysoid changes xserc evident The covering epitlidium contained uu 
niLioiH gobkt mucus cells The epithelium nas lu irktd by a striking proliferation m the 
form of solid columns of stratified squamous cells or in the form of closely connected pajul 
lary or cystopapillary formations (Fig 9) Although the pioUfciatiou of tltc epithelium 
nas con‘5idciablo, no abnormal cell types or itypical raitosts were found Tho process had 
no malign int character 

In, the lymph glands there was anthracosis vnd chroaio noiispecifio inflammatory rc 
action 

Histologicall3, it ippLircd to bo a case of a cireumscnbod polypoid hjpertrophy of 
bronchi il muco'^sa with squ imous m« tapl i**! v caused most piobablj b^ i clnomc infi immation 

DISCUSSION 

BioiicIn.il polyps because of then raiity seldom come to tho attention of 
the elmieian and then not until then sccondaij effects aie evident Moio 
fietpiently, they aio seen by the pathologist at neoiopsy a.s a vaiiaiit of the 
slight polypoidal hjportiophv of the mucosa which niaciosoopically need not 
look like a pohp The lustologie stiuetiuc ol both foims is, liowovoi, analogous 
(Bcdiiai”) The puh ps nio usu ill} loc iled in the mam bionclius oi its piinoipal 
blanches, oithei close to then oiigin oi diicetl} at tho hifnic.ition of the 
bionehus Lecooui niaintams that this locition is cbaiaoteiistio ioi inflamma 
toiy polyps 

Clmieally Hige pol}ps m.uiifest thcmsches in tho same niannoi as benign 
tuinois of the bionehus Then s}niplonntoIogv depends iii in.ni} lespects not 
only on the size of the polyp and on the diamUci of the bionehus, Imt also 
on tho character of the undeil} mg inflammatoiy process Jackson and Jack 
son' contend that two symiptoins aic always present, hemoptysis and whee/y 
breathing, the lattci paitioulaily when the laigc bionclu aio alfitled Noitliei 
of oui 2 patients piesented these symptoms, but each Ind had a cough foi 10 
and 5 years, lospcctiyoly, no doubt a mamfcstation of chionic inllammatoi\ 
changes m the bronchial imicosa which weic seen m Case 1 Piom the histology 
wo could not, however, asccitain the eniso of this biunehilis CliiiK.il symptoms 
attiibutablo to the pohp inanifcstod themsches m those 2 cases much 1 ilui 
than tho symptoms of bionohitis, 7 .and 2 yeas, icspeetively, fioiii the onset 
of persistent cough These clinical fe.iUucs, howoici, aie m no way patliog 
nomonic, foi coircct diagnosis can be made onlv by bionclioscopie biopsy 

Waeioscopically, these pohjis aic cncumsoiibed masses of a globulai or oval 
shape, attached by a pedicle to the inner wall of tho bionehus Then rfacc 
IS smooth but lobulai, sometimes ichety oi even lough and, s 
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Fig. 8. 



Fig. 9. 

Pig. 8.-Case 2. A round-cellea inHanunatory infiltration of the 
'pS!\^.-Case 2. Some details from the polypus simulating the glan u ar 
in: X40). 
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ulcerated (Jackson'). Their color as seen by us at bronchoscopy and at opera¬ 
tion is light pink or reddish and the polyp is I'roiiuently veiled by a fine cover¬ 
ing of mucus. Thej’’ are relativelj'^ friable. 

The question remains whether polyps should be classed as real tumors or 
as examples of inflammatory hyperplasia. Histologic structure of the polypus, 
particularly when it is marked by papillomatous arrangement which we have 
seen in both the above cases, makes it necessary to consider a neoplastic process 
both histogenetically and in the differential diagnosis. In support of this possi¬ 
bility is the fact that, in some cases, the inflammatory cellular infiltration of the 
stroma is slight and sometimes even the s(iuamous metaplasia of the covering 
epithelium is not present (Case 1). Therefore, some authors (Jackson,^ Holl- 
manu,“ Lindgren®) classify these polyps as benign bronchial tumors, perhaps 
analogous to fibro-epithelial neoplasm in other locations, as for instance con- 
djdoma acuminatum (Bednaf), cutaneous papilloma, uterine mucous polyps, 
etc. The nature of these conditions is, however, also doubtful. 

The relation of bronchial polyps to diffuse segmentary hypertrophy of the 
bronchial mucosa, which was described by Horanyi'* under the term ‘'bronchial 
adenosis,” Ls not jmt clear. In about 3 per cent of 300 resected lungs, Horanyi 
found circular stenosis of the bronchial lumen caused by hypertrophy of the 
mucosa with a strikhig increase and cystic enlargejnent of bronchial glands. 
He characterizes the process as a non-neoplasmatic hyperplasia but contests its 
inflammatory origin. A similar observation was made by Bszipova® in one 
case. We a.s.sume that inflammatory polyps can be a component part, though 
rarely, of chronic hypertrophic bronchitis. The inflammatory nature of this 
process is also admitted by Fourestier* and Bariety and his associates.* 

We are of the opinion that polypoid hyportroi^hy of the bronchial mucosa 
is caused by a similar ])rocess as is operative in the development of mucous 
poHps in the nose. An inflammatory process, even localized, can produce a 
secondaiw narrowing of the lymphatic vessels and thereby a condensation of 
tissue fluid in the affected part of the ])olypoid hyperti’ophic mucosa. That 
is also the causative process in circumscribed edema of the mucosa, according 
to the observatioiLS of Bariety. Such an ex])lanation would be sustained es¬ 
pecially by the histologic appearance of the above reported Case 2. The ques¬ 
tion of the infective agent which brings about this inflammatoiy process re¬ 
mains unsolved. It seems that any inflammatory condition in the bronchus 
accompanied by a stagnation of the secretion, iiartieularly when purulent, can 
be the decisive factor. 

SUMMARY 

Two eases of solitary inflammatoiy bronchial iiolyps which clinically niani,- 
fested themselves by a cough of long duration and by later obstruction of the 
bronchi are reported. Both patients were treated by operation, one by lobec¬ 
tomy and the other by bronchotomy. 

The authors discuss the genesis of these polyps and express the opinion 
that they are caused by chronic inflammation of the bronchial mucosa. 
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liAjMARTOSIA OF THE LUNG 

Eeport of One j\Ialjgnant and Three Benign Cases 

Elwyn Gavin, M-D.,*- Joseph H. Masters, ]\Iajor, ]\IC, USA, and 

James Moody, M.D.®* 

A lthough the number of reported eases of pulmonary hamartoma is 
. steadily increasing, there are few instances of reported enlargement of 
the tumor while the patient is under observation. The presence of malignant 
changes in these tumors is likewise rare. A case of a rapidly enlarging malig¬ 
nant hamartoma in the left lower pulmonary field of an infant, 22 months old, 
is the primaiy reason for'this report. Three additional cases of benign pul¬ 
monary hamartoma are also included. These 4 eases were discovered at the 
center for Thoracic Surgery established by the United States Army Medical 
Service in Europe, between March, 1954, and March, 1956. 

case reports 

Case 1.—baby, 22 months old, ■vvas first seen in August, 1951, because.of a nodular 
shadow in the lower left pulmonary field discovered in a routine roentgenogram of the 
chest (Fig. 1). The patient had no thoracic symptoms and a decision was made to have 
her return later for further study. When the child returned in March, 1955, she still had 
no thoracic symptoms, and tlie only positive physical lindings were increased breath sounds 
and dullness in the left lower pulmonary field, and definite Mongoloid features and re¬ 
tarded development. 

Considerable increase in the size of the lesion was noted in roentgenograms of the 
chest; in fact the entire lower half of the left pulmonary field was obscured by the tumor 
(Fig. 2, A). The upper border of the mass was convex and smooth in outline. Tlie iieart 
and mediastinum were displaced to the right. In the lateral view the mass could be seen 
lying posteriorly with the anterior border reaching to the mid-portion of Jlie cardiac 
shadow (Fig. 2, B). At fluoroscopy, the mass moved freely with respiration and could not 
be separated from the diaphragm. This led the observers to conclude that the lesion 
originated not from the mediastinum but rather from pulmonary tissue, and was possiblj 
an enlarging bronchogenic cyst or teratoma. 

Left lower lobectomy resulted in removal of the entire tumor. Recovery vas un 
eventful and the patient ivas discharged in April, 1955. In March, 1957, there was no e\i 
dence of recurrence of the tumor. 

The specimen was a lobe of lung containing a well-defined and circumsciibed, non 
encapsulated, fleshy, creamy white, trabeculated, solid tumor, S by 8 by 5 cm., ■nith o' 
two thirds of its surface covered by a thin pleura and the remainder of its margin a 
to the adjacent compressed pulmonary parenchyma. The pleural surface was 
portions of the pleura could be stripped from the tumor. Where the tumor was a ja 
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Jlicroscopic examination reiealed a complex picture of multiple papillarj processes 
and cjstic spaces set m a stroma nith a tinn and indefinite capsule surrounding the whole 
mass Han} areas of fattj degeneration nere present and in a fen places the structure 
suggested eaitilage of a priiuiti\e Upe The lesion was considered to be a hamartoma but 
its superficial resemblance to a mixed tumor was noted 

CisE 3—A white man, 35 years old, was found to ha\e a nodule in the left pulmonary 
field on routine roentgenograph} of the chest on admission to the hospital Ho had no 
thoracic s}niptoms In the lateral Mew the tumefaction was located in the area corresxiond 
mg to the lingula Definite calcification could not be demonstrated in plamgrams At 
tIloracotom^, the nodule was easih shelled out and the patient made an uneientful re 
cover\ Cross section of the gross specimen showed the nodular, glistening appearance 
of the mass when fieshl} cut (Fig 3) 

CtSE 4— X white man, 47 }ears old, had evidence of a nodule, 1 cm in diameter, in the 
nglit upper pulmonar} field on routine roentgenograph! of the chest Since no calcium 
could be identified within the lesion, removal was advised The excised tumor, measuring 
10 b} 13 cm, was rounded, slightl} lobulatcd, white, and firm Sections showed a dis 
orderl} arrangement of cartilage, fat, fibrous tissue, and m} xoid stroma In. this matrix 
were numerous, jioor]} formed bronchi, man} of which showed a papillarj configuration 

DISCUSSION 

Albioclit* IS geneially eioditcd uith ouginatmg the teira liaraaitoraa in 
1904 Since then, tuniois contammg an abnoimal miMiig ot anangenient of 
the 1101 mal components of an oigaii have usually been designated as Immai 
toinas Honoiei, in the past, many tnmois that ivoio found in the pulmonaij 
fields and neie called cliondiomas, cncliondiomas, lipocliondromas, lipo osteo 
adciiochondiomas, oi vhatovei tissue combination cMstcd in disoideilv ariange 
meiit, iveie undoubtedly hamaitomas JleDoiiald and associates^ pointed out that 
many tumois lepoited as ehondiomas m the older liteiatuie uoie actually 
hamaitomas 

At times the aiiaugemcut of the tissue components is such that elassifica 
tion IS difficult Two of the eases piesentcd by Lemon and Good^ weic atypical 
in histologic appeal anee riecdlaiidei and associates* lepoited a case in which 
there was disagieemeiit among the pathologists concerning the diagnosis of a 
tuinoi lemoved fiom the pulinouaiy fields of a woman 56 yeais old, they be¬ 
lieved that this tumoi, which meidciitally had ineieased in si/o on successive 
examinations, was a hamaitoma In 3 exceptional cases, lepoited by McDonald 
and associates," the tumoi did not contain eaitilage 

Theie aie several inteiestuig featiucs iii Case 1 The lapid giowth of the 
tumoi ovei a penod of 7 months is unusual IToisel and co authors reported 
10 hamartonns, all of which had shoun evidence of growth on soiial films 
Most of these had incicascd in size fiom a few millimeteis to 2 5 cm over 
peiiods of obseivatioii of 2 yeats In one of the eases cited by Stem and 
Poppel' there was, duiing a period of 12 jcais, a sbght increase in size winch 
could not be completely accounted foi on technical factois Howevei, most 
of the lepoited cases aie siiiiilai to the 2 casei ; followed 5 

and 21 yeais, respectively, by lepeatcd loentg nations with 

no demonstiable increase in size 
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to pulmonary parenchyma, the tumor and lung were not separated by a capsule. On cutting 
through the tumor, the pathologist felt a line giitty sensation and there were small, white, 
semitranslucent foci in the medial portion of the tumor. This appeared to be cartilage. 

Frozen sections revealed cellular meseuehj-mal tissue considered to be fibrous or 
smooth muscle, and the lesion was considered benign, probably lepiesenting fibroma oi 
hamartoma of the lung. Microscopic examination of sections from the medial portion of 
the tumor revealed areas containing hyaline cartilage, fibrous tissue, bronchi, and smooth 
muscle tissue in a disorderly airangement. Other sections were composed almost entirely 
of richly cellular intertwining tissue bundles which, on dilTeiential staining, were identi¬ 
fied as smooth muscle tissue. It vas stated that lecent proliferation of the smooth muscle 
component of the tumor probably accounted for the recent growth observed in the roent- 
gcnogiums. The tumor was considered to be benign and one lymph node in the specimen 
shoved no neoplastic tissue. 

The case was subsequently reviewed by several members of the Armed Forces Institute 
of Pathology who voiced the unanimous opinion that “the abnormal amount, distribution 
and morphology of the cartilage component of the lesion frequently related to clefts lined 
by noimal-appeaiing bronchial epithelium suggested that the lesion uas basically a hamar¬ 
toma. However, the predominating spindle cells, airauged for the most jiart in inteilacing 
bands, could not be interpreted as simply a component of a lianiartonia. The spindle cell 



growth was believed to represent a true neoplasm, probabh' of smooth muscle fibers an 
probably malignant because of the nuclear liyperchromatism and considerable mito m ac^ 
tivity. The lesion as a whole was, therefore, interpreted as a hamartoma in whic 
smooth muscle component had undergone neoplastic change. The case was oo ei 
of lung, probably leiomj’osarcoma arising in liamartoma of lung. The leviener 
aware of any instance of leiomyoma or leioniyosaicoma arising in this waj'. 


Case 2. —A white woman, 27 years old, was found to have a nodule, 2 cm. m 
in the right lower pulmonarj' field adjacent to the subhilar region. The tumor la 
margins and its density was only slightly greater than that of the surroun 
pulmonary tissue. The patient was asj'mptomatic. Results of tuberculin an upper 

tests were negative. The small tumor was enucleated with ease from m rig 
lobe and the patient’s recovery was uneventful. 







INEFFECTIVENESS OF ADRBNOSEJI IN PULMONARY SURGERY 
A \KON J ULujcus,* 31D, uvD Theodore H Sp vet, 311) 

New York, N Y 

A DRENOSE3I (adienoehrome monosemicaibazoiie sodium salicylate com¬ 
plex) IS a substance related chemically to epinephrine, but it is devoid of 
sjmpathomimetie effects Its use as a hemostatic agent was suggested by the 
studies of Roskam,' who showed that epineplume favois spontaneous hemostasis 
after it is oxidized into adienoehrome or a closely related substance Addi¬ 
tional studies by Fulton and eo norkeis,’ ’ on the cheek poiicli of the hamster, 
indicated that petechial formation nliich usually follows tissue tiauma is re 
duced by Adreiiosem It is claimed hv the nianufactuiei that the compound 
decicases capillaiy peimeability and enhances letraction of severed capillaiy 
ends A number of recent reports concerning the use of the drug to control 
small vessel bleeding during surgeiy have been enthusiastic Peele' ^ repotted 
favorable lesiilts in tonsil and adenoid operations He felt that bleeding was 
diminished by the use of Adrenosem, as evidenced by i educed opeiatmg time 
and less lequiionient foi siituie Cases of epistasis had decieased need for 
postnasal packing, and the operative field was better visualized in subglottic 
surgery Owings” claimed a leduetion in postopeiative bleeding from 10 per 
cent to 2 pei cent with Adienosem theiapy in nose and throat work Sherber,' 
Riddle,* and Baoala* have desciibed then expeiiences with the drug in a num- 
bei of suigieal proeedmes, the icsults of winch were all favorable Some 
skepticism was expiessed, howevei, in a recent A 31 A leport “ 

It IS difficult to evaluate these reports because of their subjeetiv’e nature 
To date, no studies have been desciibed in which adequate control data were 
provided In the past, maiiv alleged heinostatie agents have received brief 
periods of enthusiasm and weie subsequently shown to be ineffectiV’C Perhaps 
few other areas aie so difficult to mtepret because of spontaneous variation and 
lack of stiict criteiia foi effect The piesciit study was undertaken to attempt 
an obiective evaluation of Adrenosem as a hemostatic agent during surgery 

VIETHOD 

The subjects weie patients undergoing thoracic surgery at 3Iontefioie 
Hospital In all cases, pneunioneetomy oi lobectomy was the anticipated opera 
tion Tile relatively iinifoim proceduie perfoiraed by the same operating team 
appeared to lepresent a situation most favorable for evaluation of a hemostatic 

From the Department of Hematofopy Division of Laboratories Monteflore Hospital N Y 
R€cel\ed for publication Oct 9 1357 

•Public Health Service Research Fellow of the National Heart Institute 
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The malignant changes present in the tumor in Case 1 as interpreted by 
members of the Armed Forces Institute of Pathology prompted search of the 
literature for similar cases. Sherwood and Sherwood® reported a fatal case of 
chondroma of the lung. Simon and Ballon® described local cancerous features 
in a case of hamartoma of the lung. 

Also of interest is the young age of the patient in Case 1. In a review of 
107 eases of chondromatous hamartomas by Jones,“ in 1949, the ages ranged 
from 21 to 78 years. Jones reported a hamartoma, found at necropsy in a 
newborn infant, which occupied almost the entire upper lobe of the lung. 

In none of the 4 cases presented here was calcium demonstrated roentgen- 
ographically. Although several authors have emphasized the frequency of 
calcification in these tumors, it apparently is not as frequent a finding as we 
have been led to believe. In the 17 eases presented by Lemon and Good,® only 
3 contained calcium. 

There were no roentgenographic features in these 4 cases that would have 
suggested the diagnosis of hamartoma with a reasonable degree of accuracy. 
Two of the nodules were opaque to the roentgen rays whereas two were rela¬ 
tively radiolueent with density only slightly greater than that of the surround¬ 
ing pulmonary tissue. This radiolueeney can be ascribed to the high fat con¬ 
tent and cystic spaces within the nodular mass. The subpleural location and 
well-defined borders without reaction of the adjacent pulmonary tissue were 
features noted that have been previously reported. The latter would assist 
in excluding tuberculoma, but there are a host of benign lesions and a few 
malignant ones that have fairly clear-cut borders. 

SUMM^VKY 

Pour cases of hamartoma of the lung have been presented. One of these 
tumors, in a baby 22 months old, increased greatly in size over a period of 7 
months and microscopic examination revealed malignant changes in the smooth 
muscle component of the lesion. 
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Table II. Change in Bleeding Time Duking One IIocr Interval Before Surgery 


CH:,^KGFi (JIIN.) 

\ PLACEBO 1 

\DREN0SEM 

+1 

1 

3 

No cliango 

21 

20 

-1 

3 

2 

Table IH. 

ToTa\L Evaluation op Bleeding and Oozing 

1 

MORE 1 SAME 

j LESS 

Adrenosem 

7 5 

12 

Placebo 

6 9 

10 


DISCUSSION 

The data indicate that Adrenosem has no effect in reducing small Wood 
vessel bleeding in pulmonary surgery. Although this type of operation may 
present special problems, hemostasis is tested in normal skin, muscle, and other 
tissue. The burden of proof, therefore, is on the shoulders of those who claim 
that the drug does have benefit. Existing concepts of hemostasis in small 
blood vessels"’indicate that the most important single factor involved is the 
blood platelet. When small vessels are cut, agglutination of the iilatelets and 
their adhesion to the damaged vascular wall is the primary event (In those 
vessels large enough to have a muscular coat, vasoconstriction takes place first.) 
Then follows the mechanism of blood coagulation, with reinforcement of the 
platelet plug by a fibrin clot A hemostatic drug, to be effective, sliould have 
one or more of the following propeitics: (a) improve vascular resistance, (b) 
aid in the formation of the platelet ping, and (c) increase blood coagulability. 
These effects liave not been noted ivith Adrenosem. 

Casual clinical observation cannot be regarded as a reliable method of drug 
evaluation. Adequately controlled study, preferably using a double blind tech¬ 
nique, gives the objective information needed before definite conclusions can 
be drawn. The situation is reminiscent of periodic di.scoveries of drugs to treat 
liemophilia. Such agents as estrogens and ergot alkaloids weie stated to be the 
treatment of choice for tliis condition but, when results were carefully examined 
by objective methods, the initial enthusiasm could not he confirmed.'^ 

SUJiaiARY AND CONCLUSIONS 

The drug Adrenosem was studied, using a double Wind technique. There 
was no appreciable difference between the effect of the drug and a placebo in 
the course of its use in piilmonarj^ surgciy. AVe conclude that Adrenosem 
probably is of no value as a hemostatic agent. 

We n ish to .RClmowleage tlio cooperation of Dr. Elliot Ilurwitt, Dr. Jlorton Eoionblatt, 
Dr. Aaron Sclinartz, and Dr. Stanley Fell, the surgeons nhosc participation made this study 
possible, 
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agent. ]\Ioreovei*, this tj^Je of operation involved considerable bleeding from 
small vessels. One half received intramuscular Adrenosem,'- the other half 
received injections of a placebo of similar appearance. During the study, the 
ampules were labeled only by code letters. The key to the code Avas not avail¬ 
able to this group until after the series was completed, and the surgeons did 
not know which type of injection was given. The two types of ampules Avere 
given in a random and predetermined order. Dosage schedules AA’ere according 
to the manufacturer’s instructions. 

A fcAv days before surgery each patient had a one-stage prothrombin test 
and a platelet count, performed by phase microscopJ^ In patients Avho came 
to surgery, these Avere Avithin normal limits. One hour before operation, a 
Kumpel-Leede test and bleeding time AS'crc performed. The Eumpel-Leede test 
Avas done Avith the blood pressure cuff inflated to 90 mm. Hg for exactly 5 
minutes. The bleeding time Avas performed by piercing the ear lobe completely 
Avith a No. 11 Bard-Parker blade. At this time 10 mg. (2 ampules) of “medica¬ 
tion” AA’ere given. Just prior to ane.sthesia, the Rumpel-Leede test and bleeding 
time WQve repeated. Subsequently, intramuscular injection of 5 mg. Avas given 
bj" the anesthetist (a) AA'hen the chest A\'as opened, (b) Avhen the operation Avas 
deemed half oA'er, as estimated by the surgeon. Additional 5 mg. injections 
Avere given 2 and 5 hours postoperatively. 

The patients AA'Cre closely obserA’cd for the degree of bleeding, especially 
small blood vessel oozing. Bleeding from major vessels did not influence the 
ratings. The postoperative course was evaluated for evidence of fxirtber blood 
loss into the pleural cavity and the operative Avound. A final evaluation AA^as 
made of bleeding during the entire procedure, including the postoperative 
course, and aa'os classified as more, the same, or less bleeding than expected for 
that particular t 3 'pe of operation. 


Table I. Results of Rusifel-Leede Test 


result j 

PLACEBO 1 

ADRENOSEM 

0 

23 

21 

1+ 

1 

4 

2+ 

1 

0 

3+ 

0 

0 

4+ 

0 

0 


‘Provided by the S. E. Massengill Company, Bristol, Tenn. 


RESULTS 

Table I shoAvs the result of the Rumpel-Leede test performed one hour 
before surgeiy, at Avhich time the first dose of “medication” Avas given. The 
same test Avas repeated immediately before surgery. In no cases Avas there a 
change. Table II indicates that there Avere only minor changes in bleeding time 
in the one-hour intei'Aml. Total cAmluation of the results is sIioaati in Table I 
It appears that there is no demonstrable difference in the amount of eec g 
and oozing AAdien a placebo is used in place of Adrenosem. 







THE AMNESIC EFFECT OP PEOMBTIIAZINB HYDROCHLORIDE IN 
BRONCHOSCOPY 

D. M. Pino, M.D., and R. J. Van Houten, M.D. 

St. Albans, N. Y. 

A mnesia is a desirable phenomenon in the patient undergoing broncho- 
scopic examination. Bronchoscopy under topical anesthesia in the con¬ 
scious or alert patient is an unpleasant experience for both patient and endos¬ 
copist. For adequate examination of patients who cannot cooperate, bron¬ 
choscopies are frequently performed under general anesthesia. However, the 
bronchoscope cannot be introduced in the somnolent patient unless the jaw 
muscles are relaxed. 

Relaxation can bo achieved by use of general anesthesia, by other central 
nervous system depressants, or by a muscle relaxant such as sueeinyleholine 
chloride. However, these techniques tend to produce respiratory depression. 
Hypoxemia can result, with all its grave consequences. To avoid hypoxia and 
hypoxemia, a portable chest respirator has been employed in conjunction with 
anesthesia for bronchoscopy.' 

In our opinion, general anesthesia or use of the chest respirator plus topical 
anesthesia introduce unnecessarily complicating factors into bronchoscopy. Such 
procedures inevitably involve more risk to the patient than actual insertion of 
the bronehoscopo. 

Ideally, bronchoscopy calls for: (1) an awake, cooperative patient who can 
respond to and obey requests of the operator; (2) a relaxed and comfortable 
patient with a sense of well-being; (3) a patient without respiratoiy depression; 
and (4) one who later lacks unpleasant memory of the bronchoscopic procedure. 

Anderson' performed 290 bronchoscopies with cocaine hydrochloride topical 
anesthesia and intravenous meperidine hydrochloride as a sedative-analgesic. 
His patients were reportedly comfortable and relaxed, although awake and co¬ 
operative. Some cases were amnesic. 

Altman and Fialkov' reported 156 bronchoscopies performed with tetracaine 
hydrochloride-cocaine hydrochloride topical anesthesia and intravenous meperi¬ 
dine hydroeliloride as a sedative-analgesic. No anxiety was noted during bron¬ 
choscopy and amnesia was observed in a few' patients. 

The use of promethazine hydrochloride (Phenergan hj'drochlorido) in bron- 
choscopio examination has not been reported, yet the drug would appear to hold 
merit for such procedures. Sadovc,' AVciss and McGee,= and Holzmaim and 
Josipowiez" described the sedative and antiemetic action of prometliazine, and 
its value in anesthetic techniques. None of these investigators emphasized the 
amnesic effect of promethazine, although Weiss reported its existence in older 
patients. 

From the Department of Anostlioaia. U. S. Naval Hospital, St. Albina, N. Y. 
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Promfthnzini, Meperidim, and Hcxylcaitn .—Of 25 patients. 15 had com- 
plf-tf- amntsna diirin!: bronchoscopy. Six ragnely recalled momentata' and not 
nni)lca.sant .stimulation at some time dnrins the procedure. Of those who re- 
mmix-nd examination, none found it nnple.isant. All were cooperatiTe and 
pheyed commands when <riven. All patients were reninted to their wttrils shortl.v 
uter the procedure. Patients were awake or easil.v aroused and needed little 
Woperative care. Ten of 25 patients required 100 mg. of raeieeridine or less 
\ adequate respoitse. Xo laryngospasra was obserecd. Table I lists results. 

XWith 3 patients, meperidine induction was intended. They became tense 
'incooperative during an early stage of induction, and so 50 mg. of prometh- 
Vvas given intravenously. All 3 then relaxed; induction was completed 
\ procedure was carried out without incident and with complete amnesia, 
yascs were tabulated as partially amnesic since niemorv was retained 
'Uempted meperidine induction. 

Fiiipaticnts experienced amnesia that began only 2 or 3 min 
ino injection. In .some cases the amnesic effect extended u 
\iative period. .Several patients commented they had ‘‘slept 
intra\fter bronchoscopy although in fact they had been easily aro 
findirt,] to commands during this period. 

tracheL.,tients underwent two bronchoscopias, one with prometlmaino ai 
IS obviA experienced complete amnesia when promethazine 
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BIGHT-LEPT IDENTIFICATION OP BRONCHOSCOPY SMEARS 
Fred H. Aves, M.D., Franz Leidler, M.D., and Evelyn McKnight, B.S. 

. Houston, Texas 

B ronchial secretions, Hke respiratory air, share the upper respiratory 
tract to the right and left bronchi. Since this common passageway is both 
.an entrance and an exit, there exists ample opportunity for mixing secretions 
on expiration and contralateral inoculation on inspiration. It is therefore im¬ 
possible for the hronchoscopist to collect a smeared or aspirated specimen rvhieh 
represents a single side exelusiveljL Regardless of this limitation, determination 
of a preponderant baotoriiim or type of desquamated cell on a single side may 
aid greatly in diagnosis. 



iK- !•—Papanicolaou smear front rlRlit side. Boefotii, Acid-fast smear from left side. 

AVhen nonlocalizing but symptomatic conditions such as hemoptysis or 
itractable cough occur in the absence of positive physical or roentgciiograpliie 
udings, a bronehoscopio examination should be done. The portion of Uie 
?acheobronehial tree accessible to visual and “instrumentation-tactile” .sense 
1 obviously limited. 'When no lesion is encountered in that portion, the cxani- 
ler attempts to increase his area of study by eolleeting smeared and aspirated 

Received for publication Oct, 2S» 1957. \ ' 
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